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and James G. Hondros

SUMMARY

Center-line pressure distributions were obtained for two-dimensional sharp-

nose parabolic arc, circular arc_ and wedge bodies having a leading-edge angle

greater than that for shock detachment (aerodynamically blunt bodies) at Mach

number of 6 for angles of attack up to 25°. The maximum pressure coefficient was

found to increase continuously from the shock-attachment value to the stagnation

value behind a normal shock between leading-edge deflection angles of 42° and 51 °.

0nly the data for contoured bodies having leading-edge angles of 66 ° or greater

are correlated very well by the generalized Newtonian theory. However, at all

angles of attack for all aerodynamically blunt bodies having curved surfaces, the

agreement between the generalized Newtonian theory and the measured values of

pressure coefficient was reasonably good for surface-deflection angles above 30°.

This theory can be used to predict pressures on most two-dimensional bodies by

the methods shown herein. With few exceptions, at a given deflection angle the

pressure distributions rearward of the maximum pressure on the lower and upper

surfaces of aerodynamically blunt wedges are essentially coincident with those of

wedges having higher and lower half-angles, respectively. In addition_ the pres-

sure distributions of these wedges are in good agreement aft of the maximum-

pressure point with those of a flat plate at corresponding deflection angles to

the lower surface above 53 ° and to the upper surface above 31° .

INTRODUCTION

There is a large amount of available experimental and theoretical information

in the hypersonic speed range for bodies having either rounded leading edges and

therefore detached shock waves or sharp leading edges with attached shock waves.

However there is very little, if any_ available data in this speed range for the

class of bodies with sharp leading edges having detached shock waves. The purpose

of the present investigation is to provide some information in that area.
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This report presents the center-line pressure distributions on a series of

two-dimensional bodies having leading-edge angles from 42 ° to 90 ° which were

measured in the Langley 20-inch Math 6 tunnel at angles of attack up to 25 °. In

addition the means by which the pressure distributions ean be predicted are also

presented.

SYMBOLS

Pl - P_

Cp pressure coefficient, _(_p_)

M_ free-stream Math number

Pl local pressure, lb/sq in.

Pt total or stagnation pressure, lb/sq in.

p_ free-streampressure, lb/sq in.

s distance along body surface from nose, in.

sw total length of wedge surface, in.

t half the maximum body thickness, in.

x,y body coordinates

angle of attack, deg

7 ratio of specific heats

5 local inclination of the body surface referenced to wind axis, deg

8 local inclination of body surface referenced to body axis, deg

Subscripts:

geom geometric

lower surface

_e leading edge

max maximum

stag stagnation behind a normal shock

u upper surface
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APPARA[[_IS AND METHODS

Wind Tunnel and Models

This investigation was conducted in the Langley 20-inch Mach 6 tunnel. The,

tunnel, which has been described in reference i, is a blowdown-to-atmosphere

type which operates at a maximum stagnation temperature of 600 ° F and a maximum

stagnation pressure of 600 Ib/sq in. The air is dried by an activated alumina

dryer designed to provide a dewpoint temperature of -40 ° F at 600 ib/sq in.

The three groups of 5 two-dimensional models used in this investigation con-

sisted of wedges and parabolic and circular arcs. Each group had leading-edge

angles of 42° , 54o , 66 ° , 78 ° , and 90 ° . These models will herein be referred to

by their leading-edge angles and contours. These contours were selected because

they represent a large portion of the entire class of two-dimensional sharp-nose

bodies having a leading-edge angle greater than that for shock detachment at a

Mach number of 6. For a given deflection angle the wedge and the parabolic arc

represent the minimum and maximum surface curvature of the present investigation,

respectively, while the circular arc represents an intermediate curvature.

Although the theoretical shock-detachment angle at Mach 6.0 is 42.4 °, it was felt

that a perfectly sharp leading edge could not be fabricated and that the shock for

a 42°-leading-edge-angle model would be detached. This leading-edge angle would

represent the lower limit of the aerodynamically blunt range. All models had a

span of 4.00 inches and a thickness of 4.00 inches. The models were adapted with

a 2.56-inch-long cylindrical section on the rear by using a "quick-disconnect"

type connection to facilitate model changes. Photographs of the models and of

the model attached to the support connection are shown in figures i and 2, respec-

tively. Model dimensions are given in table I along with x,y locations of ori-

fices, local inclinations at orifices, and surface distance-to-thickness ratios.

Extensions, which were added to both sides of the 78 ° parabolic arc body to check

the two dimensionality of the flow along the center line, were each 3 inches wide

and contoured to match the basic body. A row of orifices on one of the extensions

was located at the same position relative to the edge (2 inches inboard) as those

on the basic body. This body was selected because it was the longest and any

disturbance emanating from the tips of the models would affect the most rearward

orifices. The 78 ° parabola with extensions is shown in figure 2. Model orifice

sizes for the basic models and extensions were 0.021 inside diameter near the

leading edges and 0.063 inside diameter at all other orifice locations.

The models were supported in the tunnel by the goose-neck support system

shown in figure 3, which moved the model 25° in angle of attack in the horizontal

plane. A mechanically operated counter geared to the vertical shaft of the sup-

port system was used to measure the angle of attack. Deflections due to air loads

were negligible because of the stiffness of the sting support.

Tests

All models were tested in 5° increments over an angle-of-attack range of 0°

to 25 °. In addition, the 42°-leading-edge models were tested in 1° increments at

angles of attack from 0° to 15°.

[± 3
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All tests reported herein were conducted at a stagnation pressure and tem-

perature_of 400 ib/sq in. absolute and 400 ° F which yields a Reynolds number of

7.6 X i0 ° per foot.

Pressure data were recorded by photographing a mercury manometer for pres-

sures greater than i ib/sq in. absolute. For pressures of i ib/sq in. absolute

or less a butyl phthalate manometer was used to obtain greater accuracy because

of the low specific gravity of the fluid. Tunnel stagnation pressures were meas-

ured with a 0 to 600 ib/sq in. Bourdon gage. All pressures were photographically

recorded simultaneously.

Data Reduction and Accuracy

Previous tunnel calibrations have shown that at any instant the Mach number

throughout the test section varies by only ±0.02. However, the Mach number level

varies from 5.94 to 6.04 depending upon time - the time during each run, the time

between runs, and the total time elapsed. This fact makes it extremely difficult,

if not impossible, to obtain an exact calibration curve of Mach number against

time. The data, therefore, were initially reduced at an average Mach number of 6.

This procedure resulted in sufficient data scatter to make difficult an analysis

of data trends. One obvious trend emerged, however, which led to a better defini-

tion of test Mach numbers. This trend is shown in figure 4 where the maximum

pressure coefficients obtained on the various bodies are presented as a function

of the flow-deflection angles at which they were obtained. At flow-deflection

angle for shock detachment (8 = 42 °) the data agree with oblique shock theory.

At higher flow-deflection angles the data approach and even exceed the stagnation-

pressure-coefficient value at flow-deflection angles considerably less than 90 ° .

The degree by which the data exceed Cp, stag, of course, is indicative of the data

scatter. Since the data exceed Cp, stag by as much as 4 percent which is much

greater than measuring accuracy, the scatter is attributed to a true Mach number

variation different from the assumed constant value of 6.0. By using the data

trend shown in figure 4, a more representative Mach number variation for reducing

the data was obtained by the following procedure. For each mode_ the ratio of

maximum-local to tunnel-stagnation pressure was assumed to be equal to the total

pressure ratio across a normal shock. This ratio was then used to compute the

corresponding Mach number for each model and _ combination. At the angles of

attack where the resulting Mach numbers fell within the known tunnel range these

values of Mach number were used to reduce the data. The Mach numbers so obtained

were applicable to all bodies except the 42 ° wedge at angles of attack below 7°

and the 42 ° parabolic and circular arc bodies below _ = i0 °. For the 42° bodies

at 0° angle of attack, the Mach numbers were computed by assuming the measured

maximum pressure to be given by oblique shock theory. Since these Mach numbers

again fell within the known range of tunnel Mach number, they were used to reduce

the data for these models. For the angles of attack of the 42 ° bodies between 0°

and 7° or i0°_ as the case may be, a linear variation of Mach number with angle

of attack between these limits was assumed. This assumption appears to be justi-

fiable because the variation of tunnel Mach number with time is quasi-linear and
in the same direction.
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The center line of the body was considered to be the dividing line between

the upper and lower surfaces at all angles of attack. The location of the maxi-

mum pressure point was determined from faired curves of PI/Pt against e on the

upper and lower surfaces. Where no peak occurred beyond the first orifice, the

values of PI/Pt and 8 at the first orifice were used to compute Cp, max and

5ma x. Where a peak occurred downstream of the first orifice, the faired values

were used to compute Cp, max and 8ma x.

It should be noted that the data for the 78 ° parabolic arc body is the least

reliable at angles of attack below 15 ° because the first orifice on the lower sur-

face was inadvertently plugged. At 0° angle of attack the first orifice on the

upper surface was used but it was located at an angle of about 8° less than that

of the leading edge. At 5° and i0 ° angle of attack, the second orifice on the

lower surface, which was located at an angle of about 12 ° less than the leading

edge, was used. Therefore, the free-stream Mach number computed from the pres-

sures at these orifices for these angles of attack is too high and results in a

value of Cp which is too high. It is only this error in Mach number which

raises a question as to the reliability of the data for the 78o body.

The maximum error of the measured pressures is believed to be less than

1 percent of the maximum measured value on the body. Model alinement and angles

of attack are believed to be accurate to about ±1/2 °. The accuracy of the x,y

coordinates of the model orifices is ±0. O01 inch. The measured coordinates were

used to compute the slopes for all orifices.

RESULTS AND DISCUSSION

Experimental Results

Basic data.- The pressure distributions of the 78° parabolic arc model with

and without extension pieces at _ = -i0 °, 0°, and i0 ° are presented in figure 5

to show the two dimensionality of the flow. Flow blockage prevented any measure-

ments at higher angles of attack; therefore, the agreement between the distribu-

tions on the body with and without the extensions establishes only that the flow

along the center line of this, the longest, body is two dimensional up to

= i0°. However, all other bodies have the same span but are shorter; therefore,

the flow along their center line, with the possible exception of the wedges

having higher leading-edge angles, should also be two dimensional up to _ = i0°.

Pressure distributions of the 15 models tested are presented in figures 6,

7, and 8 for angles of attack up to 25 ° . In addition, schlieren photographs of

all the bodies near 0° angle of attack are presented in figure 9 to show the

variation of the shock shape with changes in leading-edge angle and body contour.

Maximum pressure coefficient.- One of the most important results of these

tests is that stagnation pressure occurs on all of the bodies in this investiga-

tion having a leading-edge deflection angle greater than about 51 ° and that

the maximum pressure coefficient for all bodies has its locus along a single

representative curve. (See fig. lO.) The portion of the curve between



shock-detachment angle and 5l° maybe questionable because of the small uncer-
tainty in the value of free-stream Machnumber and the inability to locate the
first orifice directly at the apex of the nose. However, if the maximumknown
tunnei Machnumberswere used to compute the pressure Coefficients for this por-
tion of the curve, it would shift the deflection angle at which stagnation occurs
only about 2° to approximately 49°. In reference 2 stagnation pressure on a flat
plate was measuredat a deflection angle of 45°. The unrealistic maximumpressure
coefficients that are predicted for bodies in this investigation by two modifica-
tions to the Newtonian theory are also shownin figure i0 for comparison.

On the upper surface, figure Ii shows that all measuredvalues of Cp,max
do not lie along a single curve but vary with leading-edge angle and angle of
attack. However, for each leading-edge angle the values of Cp,max for all
shapes tested generally fall along the samecurve with the exception of the 78°
and 90° bodies. As the leading-edge angle increases, the variation of Cp,max
with deflection angle approaches that predicted by modified Newtonian theory until
at 81e = 90o the curved-surface bodies agree with this theory.

Location of maximum pressure coefficients.- The location of the maximum pres-

sures would be expected to occur at the point where the slope relative to the flow

is the greatest - herein referred to as the geometric location. A comparison of

the geometric and measured slopes at which the maximum pressures occurred on both

the lower and upper surfaces of the parabolic and circular arc bodies is shown in

figure 12. It must be remembered that physical limitations prevented the instal-
lation of the first orifice exactly at the leading edge. Therefore, in comparing

the measured with the geometric location of Cp, ma x, they will be considered to

coincide whenever the measured values differ from the geometric by the same dif-

ference as that indicated at 0° angle of attack. On the lower surface (fig. 12(a))

only for the 90 ° circular arc body do the measured and geometric locations coin-

cide over the angle-of-attack range investigated. For all other bodies the meas-

ured location of Cp, max moves off the nose before its angle relative to the flow

becomes 90 ° • This result is attributed to the pressure bleed-off around the sharp

leading edge. For bodies having leading-edge angles up to and including 66 ° , the

measured location of Cp, max moves off the nose when its angle relative to the

flow becomes approximately 67 °. This is also true for the wedges, as can be seen

in figures 8(b) to (f). However, the maximum difference between the geometric and

measured location for any body through the angle-of-attack range of the tests is

only about 8°. On the upper surface the location of the maximum pressure might

be expected to remain at the nose over the angle-of-attack range of the test.

Figure 12(b) shows this to be true only for the 78o and 90o bodies. For bodies

having leading-edge angles below 78° the location of Cp, max is seen to move off

the nose at angles of attack less than 20° . This result can be attributed to

leading-edge separation around the nose followed by flow reattachment as indicated

in figures 6, 7, and 8.

Comparison of center-line pressure distributions on wedges and a flat plate

at correspondin_ deflection angles.- Another important result which can be

obtained from these tests is the effect of leading-edge angle on the pressure

distributions over the wedge surfaces at a given inclination to the flow. The



lower- and upper-surface pressure distributions, in terms of Cp/Cp,max against
s/sw for wedgesat approximately constant surface-deflection angles are presented
in figure 13. The surface-deflection angles are only approximately constant
because the wedgeangles were varied in 12° increments whereas the angle of
attack was varied in 9° increments. It can be seen that the maximumpressure
point moves rearward on the lower surface with decreasing wedgeangle only for
deflection angles greater than about 66° and on the upper surface with increasing
wedgeangle only for deflection angles less than about 66° . The effect of
leading-edge angle on wedgesurface-pressure distributions is seen to be slight
because, with few exceptions, at a given deflection angle, the pressure distribu-
tions rearward of the maximumpressure point on the lower and upper surfaces are
essentially coincident with those of corresponding surfaces of wedgeshaving
higher and lower half-angles, respectively. Thus the wedge-surface pressure
distributions are primarily a function only of flow-deflection angles. The
effect of leading edge is confined to those regions ahead of the location of the
maximumpressure coefficient. Since the value of Cp,max on the lower surface
is a constant (as shownin fig. 15), the pressure coefficients aft of the maxi-
mumpressure point on the lower surface at a given location of all wedgesat the
samedeflection angles are also coincident. However, on the upper surface the
value of Cp,max varies not only with deflection angle but also with wedgeangle
at the samedeflection angle; therefore, the pressure coefficients at a given
location on the upper surface of wedgesat the samedeflection angles are not
coincident. It should be noted that at 8 = 66° and above, the distributions on
the lower and upper surfaces for the same 8 agree. This can be seen from
figures 13(a) and 13(b) since the data for each body at m = 0 are presented in
both.

Also included in figure 13 are flat-plate pressure distributions from
reference 2 at approximately the same deflection angles as the wedge surfaces.

In general, the pressure distributions of the wedges are in good agreement aft of

the maximum pressure point with those of the flat plate at deflection angles of

the lower surface above 95° and of the upper surface above 51°. This agreement

might not be envisioned since in a subsonic-flow field behind a normal shock, the

upper surface would be expected to affect the pressures on the lower surface of

the wedge. It is interesting to note that for deflection angles from 27° to 37°

the values of Cp, max for the upper surface of wedges at angles of attack other

than 0° are about the same as those for a flat plate at corresponding deflection

angles.

Prediction of Pressures on Aerodynamically Blunt Bodies

Having obtained the pressure data on these bodies it is of interest to deter-

mine if there is a simple method of predicting pressures on two-dimensional aero-

dynamically blunt bodies. Probably the most widely used method of predicting

pressures and forces (because of its simplicity and ease of calculating) is some

form of the Newtonian theory

Cp = K sin28
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Various modifications of this theory have been found to give reasonably good pre-

dictions of the pressure distribution on different bodies, if the proper value of

K is chosen. For example, it is shown in reference 3 that with K = (7 + 1),

the theory is applicable only to bodies having small leading-edge angles_ and in

reference 4, with K = Cp, stag, theory is limited to bodies having 90 ° leading-

edge slopes. As can be seen in figure 10, neither of these modifications is

applicable to the bodies of this investigation.

A more recent consideration of the Newtonian theory is presented in

Cp, max
reference 5 which suggests that in the general case K has the form

sin28max

thus acknowledging that K is no_ necessarily constant. This resulted in the

generalized Newtonian theory

Cp sin25

Cp, max sin28ma x

which was shown to predict the surface-pressure distribution reasonably well for

pointed-nose bodies having a leading-edge angle less than that for shock detach-

ment, as well as for bodies having a 90 ° leading-edge slope. (Unpublished work

also shows that this generalized form of Newtonian theory can be derived by

resorting to the tangent-wedge or tangent-cone approximations.) Therefore, it

was decided to investigate this method for use ih predicting the pressures on

the two-dimensional aerodynamically blunt bodies studied herein.

Wedges.- Since the prediction of the pressure distribution for any body by

means of the generalized Newtonian theory is basically dependent upon the body

having a changing slope, it obviously cannot be applied in the same manner to

wedges as to bodies having curved surfaces. However, it is shown in reference 5,

that by using pressures computed from attached shock theory, the generalized

Newtonian theory is applicable from one wedge to another, for wedge angles less

th_ shock detachment at 0° angle of attack. For the aerodynamically blunt wedges

of the present investigation it is apparent from figure 8 that the large and var-

ied pressure gradients require any correlation with generalized Newtonian theory

from one wedge to another, or from one surface to another for the same wedge at

angle of attack, to be made at more than one point along the surface of the

bodies. Even if this could be done with reasonably good results, the pressure

distribution of one wedge would first have to be known. In view of the fact that

experimental values must be resorted to, and since the data of the present inves-

tigation cover the range of aerodynamically blunt wedges, the pressure distribu-

tion of any wedge in this regime can be obtained by interpolating these data. In

addition, the good agreement in pressure distribution from wedge to wedge at the

same deflection angles, as well as the agreement from wedges to a flat plate at

corresponding deflection angles (fig. 13), enables the pressure distribution to

be obtained for either of the two types of bodies if one is known.

Parabolic and circular arc bodies.- Since the lower and upper surfaces of

the bodies of the present investigation are separated by a sharp leading edge,

which is shown in figures 6 and 7 to result in flow separation and reattachment
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at some angles of attack and, therefore, a difference in the value of K between

the two surfaces, the theory might not be expected to apply from surface to

surface. Therefore, the data for each surface are reduced in the generalized

Newtonian form by using their respective measured Cp, max values. The results

for the parabolic and circular arc models together with the generalized Newtonian

theory prediction using the measured Cp, max and its associated 5ma x are pre-

sented in figures 14 and 15.

As can be seen from figures 14 and 15, the data for both the parabolic

arc and circular arc bodies can be divided into two distinct correlation groups;

bodies having a leading-edge angle closest to that for shock attachment (42 ° and

54o ) and bodies having leading-edge angles much greater than shock attachment

(66 ° to 90o). The data for the former group are not correlated with any consist-

ency by the generalized Newtonian theory, whereas the data of the latter group

were in general correlated very well for both surfaces by the theory.

The agreement between the measured and theoretical values in percent of the

measured Cp cannot be made directly from figures 14 and 15 because the Cp, max

values are not constant for all bodies on either surface. Therefore, a majority

of the measured and predicted values of Cp together with their differences in

percent of measured Cp are presented in table If. As might be expected the

agreement is best near the nose where the body slope is high and becomes progres-

sively poorer as the surface inclination decreases; however, the disagreement

does not in general become poorer than about 20 percent of measured Cp down to

a surface inclination of 30° (the limit to which modified Newtonian theory is

known to predict the pressures very well on cylinders). The very high percentage

errors at inclinations below 30 ° may not be very significant because the pressures

are very low over this region. There are points between the nose and the maximum

pressure point on both surfaces of some bodies at angle of attack which cannot

sin25
be predicted by the generalized Newtonian theory because the value of

sin25ma x

becomes greater than i. But considering all points above deflection angles of

30° , the theory predicts about 85 percent of them within i0 percent of the meas-

ured Cp. It should be noted that whereas the data for the lower surface appear

to be in better agreement with the theory than those of the upper surface in

figures 14 and 15, table II shows that, on the basis of the percentage of meas-

ured Cp, both surfaces show about the same agreement for inclinations above 30°.

The agreement for the circular arc bodies was, in general, better than that for

the parabolic arc bodies and indicated that for the same leading-edge angle the

gradient of slope along the body may be the important factor in determining how

well the generalized Newtonian theory predicts the pressure distribution for two-

diminensional aerodynamically blunt bodies, that is, the more rapidly the slope

changes, the poorer the correlation.

10
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Application of Generalized Newtonian Theory to Any Two-Dimensional

Aerodynamically Blunt Body Having Curved Surfaces

It has been shown that the pressure distributions of the aerodynamically

blunt bodies having curved surfaces of the present investigation agree reasonably

well with the generalized Newtonian theory. However, in order to use this theory

to predict the pressures on any body without resorting to experimentation, it is

necessary to know a pressure at a given slope on the surface. Since the measured

locations of the maximum pressures are shown in figure 12 to occur reasonably

close to the geometric locations and because the maximum pressure on the lower

surface is equal to stagnation value for the majority of deflection angles between

shock detachment and 90°(fig. i0), it would be convenient to utilize the maximum

pressure on the lower surface to predict the pressures over the whole body. An

analysis shows that this can be accomplished as follows:

> 51°, while forOn the lower surface Cp, ma x = Cp, stag for 51e =

Cp, max for deflection angles between 52° and 51° can be obtained from

Cp_ma x sin28_e

Cp, stag sin2_l °

5 < 51 °,

The values of Cp, max obtained in this manner for these deflection angles are

shown in figure l0 and are in good agreement with the measured values. For

deflection angles equal to or less than shock detachment, Cp, max is obtained

from oblique shock theory.

The pressure distribution for the lower surface at each angle of attack can

then be computed from

Cp sin28

CP, max sin28max, geom

and the pressure distributions for the upper surface can be obtained at any angle

of attack from

Cp sin2B

Cp, max (_=0 O ) sin25_e(__-oO )

The pressure coefficients predicted by this method for the parabolic and circular

arc bodies are presented in table II. In general, these values are about the same

as those obtained from the generalized Newtonian theory by using the values of

Cp,-max at their actual locations on each surface and are within about 20 percent

of the measured Cp at deflection angles above 50°. Some of the points between

the nose and the actual location of the maximum pressure point, which could

not be predicted by the generalized Newtonian theory by using Cp, max at

io ::[II



its actual location for each surface, are not predicted by this method within

this accuracy. However, on the whole, about 85 percent of all points at deflec-

tion angles above 30 ° are predicted within lO percent of the measured Cp value.

The good agreement between the generalized Newtonian theory and the data of

the present investigation as well as the results for bodies having a leading-edge

angle less than that for shock detachment in reference 5 indicate that this theory

may be applicable to all two-dimensional bodies except aerodynamically blunt

wedges.

CONCLUSIONS

An investigation of the center-line pressure distributions on two-dimensional

sharp-nose bodies having a leading-edge angle greater than that for shock detach-

ment at a Mach number of 6 and angles of attack up to 25° has resulted in the

following conclusions:

i. Stagnation pressure behind a normal shock was measured on all bodies

having a leading-edge deflection angle greater than about 51 ° and the maximum

pressure coefficient for all bodies has its locus along a single representative

curve which contlnuousl_ increases with increasing deflection angle between shock
detachment and about 51 v.

2. With few exceptions the center-line pressure distributions rearward of

the maximum pressure point on the lower and upper surfaces of aerodynamically

blunt wedges are primarily a function only of surface-deflection angle and essen-

tially independent of leading-edge angle. In addition, the pressure distributions

of these wedges are in good agreement aft of the maximum pressure point with those

of a flat plate at corresponding deflection angles to the lower surface above 53°

and to the upper surface above 31 °.

3. Only the data for contoured bodies having leading-edge angles of 66 ° or

greater are correlated very well by the generalized Newtonian theory. However,

at all angles of attack for all aerodynamically blunt bodies having curved sur-

faces, the agreement between the generalized Newtonian theory and the measured

values of Cp was reasonably good for surface-deflection angles above 30° (for

85 percent of the points in this region the theoretical values of Cp were

within lO percent of the measured Cp).

4. The generalized Newtonian theory can be used to predict the center-line

pressures on aerodynamically blunt contoured bodies because the maximum pressures

and their locations can be predetermined.

Langley Research Center,

National Aeronautics and Space Administration,

Langley Station, Hampton, Va., February 27, 1963.
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T2_BLEII.- ME_3_ AND T}_0_TICAL VALUES OF p}LK_SUEE CO_VFICI_fI_ FOB

T_O-D!MENSIONAL AErODYNAMICALLy BLL_T BODIES

deg deg

39._I

39,80C
29,33_
s6.8oc

_3,8&

lO.75."
3.97E
o

46.23_
t_ ._]
£o._

_.33"

jl.8Oc
_8.88_

15._3
8.975.

i 5"C_

D1.23_
49._hi

45.80C
39.33_

53.8_
27. 667

L6.O29
[0.00_

$6. 232

)#. ##1
)O.8OO

_#.532
_1+800

52.667

_.753
18.97_

15,00C

61.23
99._]

.59.8o(

_6.8OC

43.88_

57 - 667
5o.75_'
_.O26

_O.OOC

_6. _3_
6h. 4#_

6o.8oc

54.33_

48.B_¢

42.66I

_5.75_

_.97_

_9.ooc

Sle " #2_

1.2822 1.282e Z.2&hl

1.1226 1-1908 1,1551

•6_9_ I .eml_

.#6761 -h69_o

. lh/_09 . i026_ .09961

.09815 O.01#M .01_82
•o176_ o

1.6314 1.651h !1.9906

I._O39 1,5332 i,_g

1.16o8 1.3357 [1._2_
.83_7 . 9951] [ .970_i

•7_> .868_ _ ._6_e
.60192 .7[_85 .7116_
•22_72 .2_8 .2L_75

.10796 .o762_ i .o_

.09117 .0192 _ I .O1_5

1.8190 1.8190 1.7809
1.59_9 1.7267 1.69_

z.3_71 L5379 1.5o56
.98596 1.2021 ii.1768
.86_7/-o7_7 11,6_u

,7_ ,93000 .91o_6

.50660 .6_11 .631_6
• 21390 .2"A8_ • 2a5_5

•09771 .o7321 .07169

_.8186 Z.8_86 1,7068

[.6716 1.7#13 1.7i08

LO�_ _._2 i._7
.9a35o 1.1691 1.1_87

.865o_ i.o_7o i.o188

.62_16 .?6667 .75325

.4o78_ .#967c ._58oo

._,477 ._78_8 ._7361

.15Z12 .15#04 .151_

1.8170 1,8170 1.7909
1.7523 1.7_)_ 11.7279

1.9_96 1.6176 11.59_3

Z-Zl�_ _m_66 lm_8_

_.oo6_ 1.1_63 in199
.75_Io .88_97 .87o_?

•_3 _1_ :_•39756 -4_550
._o67 ,_5o_ ._7o_

L8187 1.7978

1.81_8 1,79o2 1.7466
1,6619 1.6763 1.0_55

1.377h i.#5_O i.#167

I.i#90 I._86 [I.P-I_2
.88970 1.0_09 I ._

•6551# 7_mO_e_ .'_66

._9822 .51653 .%0594

• 5_612 .3639_ .55_o8

I

I

(a) Parabolic _rc bo_ies

0 [ 0,02971 I 0 _3.0_i 1.8182
-.06075 t -.9E91} [ 15o-391 1.61_8

-.o_._ -.o_7 I _#,z_ 1._83_
--06676 I -.039o2 I I#0.217 I,O886

._87)9 1 .)o870 i 1_7._29 ._6o;

o I ,o_oi I I^,
-.o9210 I -.o6_82 I _ I_ TM 1.8177

- .15067 -,12181 55,591 1,6_9
-. 19623 -, 166_O hg, 120 1.367#

-. _0590 -. 17572 #5.218 1.187#
-.m_%o I -.18w'a7 { Dz.9_o _.O932

-.0_63 -. O00C_ _.892 .8_08_
._;091 I .50S66 1 131.2_9 .66_

.70236 .7o979 I 127.27_ .5022_

o I .oz_95 l 1 9,m9 .o635_
-.o8_23 ] -.o_ I 1 5.ooe .o15_

- .15018 -,12602 |

-.21922 -,19356 iiO 63.0_i 1.8189
-,_3_7 I -mlO88 _ I_e.391 _.Z�_
-.19938 I -.23312 I D4..1_o 1.49o5

-.c67o9 -.o_,65 ! |#6.9m _.19_

o I .o17_9 I i32._72 -6_55
-.0_17o -.023_5 27.1o7 .$71h9

-.lOO_O -.oen2 16.._ . _1o78
-.17oo7 I -.1#_ I lzo,ooe .o_

-. _0159 - .l_Ok 5 68, 1.8089
-. 2_227 -. 21070 65.391 1.8176

-. _179i -.196_ _9.i_o 1.6138
-.i3772 / -.ii78_ f 155.2i7 i._65i

-.01292 .OG_I9 51.9 _o 1.3319
'#6.892 1-1392

0 I .014_ [ #_" f_'o9 "9_01S
-.0_I I .01_9_ l 57._72 .77671

-.o_88 -. 0_885 32.107 .5927£

-,1_177 I-.10659 I 19.m9 .2_3
-._9_o I -.113oo I 15.ooo .i#io2

-,17o_9 1 -.zs#o_ I
-.i5565 I -,i_i I_ 73._1 1.7527

-.i_ST# [ -.i_9_9 / 70.39i i.8i77
-.0_143 -.O2638 6h,l_O 1.6870

I 6o. _17 z.56_o
.Oli#9 96.920 1,#517

.01_01 l .037O9 l 51,892 Z._o6_
-.o_ .o1_9 _7. _9 z.o883

-.o_16 -.o_853 42._7_ .91_o5
-.o7552 I -.o_93_ I 37,io7 .7a789

-. o8668 -,06023 29.5#6 . #777%

-- 13578 I -. 10810 / _h. 219 .5h)_7

-.1#62_ [ -.n_35 / 2O.OOO .m458
- .15326 -.1_P/

-.1_9 I -.O9978 [_5 78.o_I 1.7_69
-.i1597 -.08880 75.391 1.8178

69.120 1.7818

I 56.892 i._182

, 52.2_ 1._96i.o7£7

f / _2.ioT .678_9
1 / _.5#6 .6.uD

/ / .3_.#7

- lower surface

1>ol 1:: 1< t,.>I(,*) .....

0 00022 [ 0.02#6h I 0 7 196!1.8179 1.8180 11.7656 -0,ooo06 I _877

-.0_638 I -.O_f108 1 59-356'1.67_6 1.6600 11.61S_ ,00872 I _726
-.075_6 I -._910 | 90.}79' i._99 i._503 li.2919 .0_891 I 5696

-.o9o98 I -.o6_ I _,6.2_6 1.1989 1.1697 [1.136o .o_76 1 5 2#6
-.o�oko I -.o6376 / /_.3_%, .91565 .86_iI .8379_ -o9771 / B_89

-.o7_46 ] -._6_2 / 23,9691 .4_097 .37oo71 .559_c +16002 1 _

.lO69_ I .1a877 / 16._8 ._11 ,181991 .17674 .559_# I 7792
'39919 l ._139_ i 5.9O7 i .08_21 .o25711 .o_ol .Tn59 _ mn

1.o_o i _ooool.oooo t o .o1218 o 1o 1.oooo I .oooo

! I 1.4®21.3232 1.26_ 5 11.2_=C, .OA#)5 I ]06590

-.O7OO7 1 -,0_33 1 _3.3_' _.0_50 .9795_] .957_4 06_66 I .08379
-.0a_63 1-.06067 1 _6._9 .79_06 .726691 .7103¢ "_ I '

-.05531 -.03_93 1 15.5_ ._0918 ,i#9173 .i_I .286_ i
.179o2 ._71 i 9._65 .io_97 .o_781 .o916_ .47933 1

-.a_o_-'°z�m I --_u555"°°126II 5.coo .05693 .01581 •o15_5 .57189 .5816&

ilO 7_.196 1.8187 ll-7885 •m661
. o6_87

o0016 I 01666 | 69 356 L8069 1.7528 II.6915 _o_�g_ ],..%o-._._T_
-.oo_1_ .ooa59 / 56-2361L#6_8 i,_833 I1.3)5o -o_99 1

-.01670 .000_ | _.3_i1.19h6 I,i171 II.OT_O .06_8_ .09706
-.o2399 I - .oo7o_ I _1, a_91 .9_3 .86965] ,839_6 .o8o_ , .ha67

-.o3855 I -.o212# | 53,9691 .69851 .6_51 .6o_o5 .Io5_o I .1314

-.oo7_7 .oo9_o I i#.165 .16171 -n9911 *i1571 -_'#_9

.o_2_ .o9o_7 / 110.°°° .ow2_8 .o6o_ .o_5 ._o_ i [_9
• 175_5 .18699 / , I

llp 79.196 1.7631 11.7986 ! --0_ot3
.oo8_6 1 ?_.5_61.8z8_ 1.8o_ 11.7_6_ .oo8o3 ' .0h949

• 05172 .o517_ / 65.575' 1.6861 1.6o7% 11,_o_ •o_668 .oo865
• 01m5 .0_821 | 61._61.57_6 1•#9h8 1.4323 .0_008 .08979

.003_-1 .O3986 1 53.3_ 1.3_9 1,_16 11-1993 .06_0 ,I0158

-.00683 .o2996 / _6,_9,2.0897 1.01#9 I .9711_ .065_3 ._c461
.o1_99 .o_o9 I _8.9691 .839_5 .76935 .73718 .07956 .i180_

--02917 I ,008_# t n.5_s I .61c_6 -53_591 .51o55 .12_13 .16_57
-.o21_ l .o1552 1 _.5_I .y9769 .361451 .5_631 .o9118 .I_9";o

-.031_5 I .0_6h5 i '19.1651 .22_6A .20968 .20092 .082_ .121_
-.o_&_ I ._a�o _ i_'_I
.o9763 I .o92n l I I

"'O_'29 / .00936 t_ ]_j'_6l l'6'8181.817.9 ll.76h41"80_1 I -._1o._0_94,.w_5
/ -.o_o8_ I /1o137911.7671 1.69_6 ll.6av_ ,c_1o3 i

.oeou / .03978 I 1_6.2541_.68_6 _.6ooo 11.5..._o_ .o_o7_ i .o92_

.oi_5 / .osg1_ / Im.3_i_-47#1 1.9_ I1.3_33 .o61_ i .lo2_o

.01_06 I -o5316 | I$1,ZO9lt.2370 1.1613 li.iio6 .o612o ] .i0218
"00937 I .0_ 70 | I_5.9691 ._88_ .9_X_8| .880_6 .06a68 1 "i0937

-.01_92 I .029_ | !-_7.9_ I .I_090 .42101 | .#0263 .OhSl I i .0___
-'02396 I .01669 / !_.165i •3_9 .3_o15/ ._O_lV .o3S% : uo,:22_
"'0_9 1 "'_155 1 i_._]-2C_T ._61 .21_9-•0833# I -:03597

--_ I .o_n I ' I
-.U67_ f -.OT_#2 12_ l_9.1961[.6167 1•8185 -.1_

_.3_6
I -.Oh_ 6 1 I_-'7'I l"_062 1.8012 .00_LSI_ 1-76_ Ii.70_7 .03101 .06_85

I ,0_ [ IFL236iL7621 1.6877 11,6_06 .(_'_ .0T_663

.om25 / .one7 1 ls3-sY*lt-59_ 1.5053 li-45_o .o9_85 ._)

.os�o_ I .o76"55 | ,$6.:rz�lLJ89o 1..,_:x_9 i1._69 ' .o6_ i .o9510

,0_P_7 I "0_9_ 1 | +8.969 1.15_8 1.071_ [I.0319 .0_ .086_2
.oi8_7 I .o6_9 , I_I-D_I .9O941 .8_8171 .8oo1# .o8955 .1_o15
oo8o8m o96_ =55_i .66o82 .655a51 .61#_ .o3779 .o7o_+

.OOk_ / .05_95 t ]_2.998 i -975_ .558#1I .53991 .0_926 .06ml
-.0Z_95 _ .09_ # 1_<_'9_71 .Sz_ ; ._9_/ .#_965 ' ._ra I ._63z3

-.c_35# / .eo751 I ]_9.1651 .#5189 i ._7121 .45198 _i" .0_4o6
-._5 I -_ I I I
-1_i -_1 __LJ_ __ __

ele = 54 °

c; I c_

1.6897 -
1,3799 1.N62

1 • 18T2 1.1_I
1.o273 1.oo_

-795_9 .77375
•59632 ._8175
• 2_6_o .2#o1_

o-OY_ 0.o76_7

1.817#_-=o3_'.
1,272/ 1 + _#63
I. 1270 l.lO_l

.91o32 .e91_

.7z856 • 7o37_

.5_coo .519_
• 159_5 .1561_

• o6476 .o6_fl
•01919 .Olg_

1.81_2 1.7_2

I. 7199 i.7019
1.5o26 1.#777

L3517 z.529_
I._210 1.200_

1.0_09 1.00_0

• 83798 .8_z5
.69237 •6_198

.475oi .#6715
•19_95 ,19171

-e69m .o678'7

1.79_6

1.789o 1.7_6

1._601 1,k067

1.15k0 1._8

.97791 .9_mI
•79366 -76_69
•6111_ .

.._z366 .36oo_

. _5_49 .22591

•i#5Ol .1397o

1-7997
t.8175 1.7#_

t.6_1 1.5923
_._50 1._818

._685 1.z182
LIO_O 1.0602

• 92665 ,88989

• _0_6_ .33o97

1.8o5#

1.766a
t.T315 i. 6h6_

t.635o t.555o
1,5_39 1._6_

t .392o 1.32_9
t • _395 1.17_9

1,07Ol 1.0178
,89]:52' ._/91

63796! .6o67p

• 55596 -5_76

.35#a7 .3_99

a'bsee footnotes _t end of table.
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TABLE II.- MEA_JRED AND THEOREYICAL VALUES OF FRESSUq%E COEFFICI_/S FOR

TW0-DIMENSIONAL A_ODYNAMICALLY B_ BODIES - Continued

(a) Parabolic arc bodies - lower surface - Concluded

e 7.e = 780

_, 5, ! C_ cpdeg deg Cp, meas

-- [ 0') (b)

0 70.560 1.8192 11.8192 1.6909

66.612 1.7209 I1.7236 1.6018

59.517 1-9597 11.5195 1.4122

39.792 .95817 .8_82_ .77900

28.875 .60391 .47731 .44358

20.759 .38482 .2571_ .2_99

14.743 .23748 .1326( .12323

9.470 .13178 .0553_ .02019

6.172 .07668 .0236] .02194

2.569 .02607 .0056( .00382

0 .00237 0 0

5 71.612 1.8185 1.8187 1.6623

64.517 1.6917 1.6457 1.50k3

44.792 1.1250 1.0027 .91651

33-879 .74707 • 62721 .57374

25.759 .50109 . 3816] ...,_,882

19.743 .33110 .230&_ .19O72

12.569 .15467 .0956( .08738

7.565 .09873 .0350_ .03201

5.000 .02002 .0153_ .01402

i0 76.612 1.8184 1.818_ 1.7231

69.517 1.7409 1.6862 1.5977

49.792 1.2937 1.1209 1.0621

58.875 .88_14 .7571._ .7:741

5o.1D9 .61804 .5028] .476%2

24.743 .42646 .3367(, .31911

15.207 .16201 .13201 .I_514

12.565 .10359 .0909( .08619

10.CO0 . O5209 .0579_ .05490

15 81.612 1.8182 1.8182 1.7795

74.520 1.7862 1.7254 1.6887

54.792 1.3880 1.2405 1.2141

43.875 1.0448 .8996_ .87368

35.759 .76556 .63_64 ,62113

29.743 -55391 .4574; .4_77o

17.565 .16819 ,17:7,_ .168o7

[15,oo0 .1o432 .1244( .1218o

20 86,612 1.8ooo 1.8125

79,517 1.8188 1.7851 1.7586

59,792 1.5289 1.3791 1.3586

48.875 1.1989 1.0478 1.0325

40.759 .91897 .78715 .77550

34. 743 •69355 .59984 .59093

29.470 .48378 .44684 .44020

!25.207 •33_38 .33_7C •52973

122.565 .247o9 .27185 .26785

120.000 .17385 .2159_ .21276

I
_5 91.612 1.7420 1.8187

84.517 1.8189 1.8o23

'6%.7921.6607 1.5248 1.4892

153.875 1.3812 1.2154 1.1870

45.759 1.1029 .9561( -93379

59.743 .86458 .76154 .74371

34.470 .6_194 .59658 .58263

32.569 .56292 .5396_= .92703

30.907 .47497 ,471_ .46024

99.o79 .43369 •44oo5 .42975

27.565 .37490 . 3988_ .58955

25.000 .28922 . 3326( .32h87

a'bsee footnotes at end of table,

%,_e_ - % cp,=_s - c;

Cp,meas Cp, meas

(8) Cb)

0 O. 07053

-. col80 .06899

.o25TT -o9457

.12516 .18699

.20962 .26549

• 33169 -37896

.4416% .kSzo9

•57975 .8_679

.69210 .71388

• 85961 .85}%7
1.oooo 1.oooo

-. ooo11 .o8589
• 02719 .11078

.10871 .18532

• 15982 .23201

• 2.._44 .3o388
•3o396 .42398

• 38191 .43506

• 40317 .45496

• 3o291 .36331

o .o5241

• 03120 .082C_

.105.93 -15283

.14749 .19223

.18644 .22914

• 21o27 .29172

.1848o .22798

.12192 .16797

-.11211 -.05395

0 .02128

•03404 -05_59

.10627 .01193

.14560 .16378

.171O1 .18866

.17420 • 19175

-. 02105 .00071

-. 19306 -. 16342

-.oo69_
.01853 .03310

•09798 ,11139

.12603 .13896

.14340 .15612

•13512 .14796

•07636 . o9008

• 00203 .01685

-. 1o037 -, 08402

-. 24236 -. 22399

-._403

. oo913

.08183 .10327

• 1 [_)_ .14060

•13305 -15333

• 11918 .13980

,07066 ,09239

•04O66 .O63O9

,00781 .03101

-. 01466 .0o9o8
-. 06396 -. 03908

-, 15020 -. 12326

eze = 90 °

_ 53

deg deg CP, meas Cp

(_)

0 89.633 1,8183 1.8183

83.508 1.7990 1.7951

77-797 1.7330 1.7572

7O.437 1.6199 1.6144

61.219 1.4225 1.3968

44.481 i. OOl9 .89979

32.224 .63411 .51682

_.6%8 .46671 .34073

19.168 ._30 .19599

12.935 .18h82 .09108

5.121 .06}%0 .01446

o .oc_6 o

5 94.633 1.8180

88.508 1.8180 1.8180

82.797 1.7992 1.7907

75.437 1.716% 1.7(9,2

66.219 1.5597 1.5234

49.481 1.161o i.o914

37.224 .79%19 .66552

30.648 . 60297 . 47281

24.168 .41550 • 3o&9o

17.935 .26629 .17247

10.121 ,10892 .05612

5.ooo .o2867 .o1383

1o 99.633 1. 7827

93-508 1.8098

87.797 1.8186 1.8186

8o.437 1.784o 1.771o

71.2_9 1.6661 1.63_

54.481 1.3089 1.2066

42.22h .94529 .82232

35.648 . 73546 . 61867

29.168 .53%45 ._3257

15.121 .16%57 .12386

lO.O00 .O6628 .O549O

15 L0_.63 1.7142
98,5o8 1.76%8

92.797 1.8o96

89.437 1.8184 1.8184

76.219 1.7502 1.7261

59.481 i.4579 i.3581

47,224 1.1050 .9_572

4o.6%8 .896o7 .77658

}%. 168 .67826 .57718

27. 935 .47119 .4o158

20.121 .25086 .21646

15. CO0 .12145 .12260

20 LCg. 663 i. 6230

L03.508 1.6991

97.797 1.776%

90.437 1.8189

81.219 1.8180 1.7861

6_._81 1.58%,o 1._89_

52-224 1.2673 1.1423

45.6%8 1.0574 •9351o

39.168 .82781 .6_31

32.935 .59699 .5409/*

27 . 206 ._'40"4 .58210

22. 230 .225g0 . 26181

20.CO0 .19570 .21392

.14.633 1.5031 1

.o8.5o8 1.59_ I

_02.797 I. 6982 1

95.437 1.7878 i

86.2/9 I._IS9 1.8189

69,481 1,6_0 _1.60_9

57.224 1.5993 11.2913

50.6_B 1.2092 11.O924
_.168 .9759o I .8869O

37-935 .742_o51 . 690h 2

30.121 ._724,51 .45996

28.521 ,409"_01 .41638

25.ooo _"_1_ 32631

c_,_ - %i%,_,_ - c_
Cp Cp, meas Cp_ meas

(b) (&) (b)

1.8182 0 0.00011

1.795o .oo217 .00222

1.7371 - .00242 -.00237

1.6144 -. 00o93 -. 00093

1. 3967 .01807 .01814

.89275 .1089o .1o894
•51680 •1869_ .185oo

•}%071 -26993 • 26997

•19599 -35593 -35593

. O91O8 .5O72O .50720

.01446 .77192 .TTI92
0 1.0000 i. 0000

1.8o61 .oo655

1.8167 0 .00o72

1.7894 .00_72 •00545

1.7030 .007:1 .00781

i. 5223 •02327 - 02398

1.o5o7 .o9_4o .o95oo

•66506 .16201 .16299

.47248 .21557 .216_i

.3oh 7o .26619 .26667

.17256 .35232 -35274

. o56o9 . _8476 .48503

,01382 .51761 .51796

1.7677 .00841
1.8118 -. oolll

1.8159 0 .00148

1.768_ .oo729 .oo874

1.6300 .o2017 .02167

1.2048 .07816 .07953

• 82110 .13oo9 .13138

.61776 .1588o .16ooh

.43194 .19063 .19180

.12368 .24737 .2_847

.o5483 .1717o .17_

1. 7023 .0069_

i. 7787 -. 007_

1.8141 -.00249

1.8069 0 .00632

1. 7152 • 01377 .02000

1.3495 .o6845 .07435

• 9791,9 .10795 • 11359

•77:67 •13335 •13883

•57352 •14903 •15442

• 399o3 .14773 •15314

.21510 •13713 .14295

•12181 i -.oo947 -.oo296

i. 6135 . OO989

1.7198 -,o1218

1.7854 ] -. OO5o7

i. 8136 .00291
1 7765 , .01755 .02263

1.h@14 .05913 .06418

1.1561 .09863 .10353

• 9500_ ] .i1566 .12041

• 69_57] .156%4 .16o95

,537611 .O9_56 ,o99h7

._8oo_ I -.o9.268 -. 08679

,26041] -.17141 -, 16515

.21277 ] -. i0139 - •09_5

1. 5029 .00013

1. 6358 -. o2997

z. 7296 -, o18_9
1.8026 -.o08s8

1.811oI o .oo_
1.5955 .o4717 .05143

1._856 .o7718 .08125

1.0876 .09659 .10056

._3ool .o912o .o9519

.68738 [ .o744o.07oo3

•457941 .026%6 •03073

.414561 -.o17_o -.o1_85

.324a:j-.lO_34 -.o_47

18
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TABLE II.- _ ARD THEORE_CAL VALUES OF PRESSURE CO_mFICIERTS FOR

TW0-gIMKN_qOK%I _O_CALLT _L59_ BODIES - Continued

(b} Pa_bollc arc bodies - upper surface

.67_ o.oo_Io-o_ I
• _58_ .o3_>3 t

.28_1 , oo678 ._6

.i_ ,oz6_8

.6701 0 -0.070_ OI 61•21511.7590 1[ 7390

.986_ -.01023 t -.01_o7_ 57.75711,619_ [1.6193 [

•_7 -.o_c9 -.o_69 _.6_ 1.5o37 ll._6i [

.1_1 -,o_219 -.os_mi _6.o96 1.i9_1 t.1_ l

.0015 -.O1_511 [ -.05600 _._56 .90556 .86773[

•779_6 -.03189 -,0_59 31.171! .659501 .606_7
._oooo .o7_x2 I .c_3_o _3.9_i J,38o51 ._711_8]

.0_17 .9009_ .9001_ _.150 .06076 .Ol186.6_oo i "_ 8.cot .xo9_ ._

.oo_72 1.o_o 1.oc_ o .01786

.hL_],9 .OO_2"_ i - .C5132 5_.757 i.k112 I 1"51_99

.77577 - ooTa7 -._ I _._6 i .71)_ .67_
,57186 .o_i9o -.o1753 _.I71 .50_I_ ._3633

._57_ ._o7_7 [ ._6_6 ] 18._11 ._ .8362_

.12307 ._78_5 .31_I_5 l_.i_XO .19678 .lO372

.(x)159 .967OT .96_3_ 3.007[ .C62_, .oo6i9
-.890 .oz_o_

-5.ooo - .oo39

.1_1 .ooo18 -.o776_ ] 1o 51._5 i-_759 10739

.io37 .COkl8 -.07L_ 9 I_T.757 1,2_12 i._3_9
.01_ ,0170_ -.099_7 I _.6_|i.I_36 1.1167

.em_o .oyn_ I -.o3_8_ { _0.1_9| .9_99 .939_3

.7o_i .o_ -.o_ [ _.c96| .8_ .78_ ]

• 389_ .ii_619 I ._163 [ _i.171 .3_

.O_7 .68201 ,65733 l 7.1_101 .1313_ .O3767
I -z._9_ .o_

[ / -_._ .°°6°l
I-lO.OOO - .o197i

.9_L_6 - .i6760 15 _6.21_ [1.1"_B

•87_ .O1610 l -.0_906 l l I_2"797 1"1541 I.O650

.5c_ .lO_O2 .c576_ _.o96 .6T'_n .61666

._6_ .e6_i_7 .e"12o7 16.171[ ._9o17 .179i7

.0A_91 •69A81 [ .677_ [ [ 8,_i ,17768 .0_572

.00_7_ -9507_ -9_79_ 2._I0 .086_ .0_12

-lO.85o -.0100_

-15.oco -.023o7

.75oi/ -._o 20 _1.215 I.O5o7

.6_6_9 I -.I17D6 I ] _7.757|1.00m .973_,

._ .o66r_ -.oiz_3 _,_.l .'r_ .7_7

._6o82 .I_7_ .o6_ _,129[ .6iio_ .6_7

._3i76 .i79_o .lioSo _6.o961 ,_ ._o_2

.11_ •4790_ "I#3_72 / ii. IT1 [ .i_ •O_i
._ ._ [ 3._1| .zorn .oim_

.oc_o / -2.59o / .o_ i

/ _ _6.2151 .618o3

-._67o [ [ _.6_| .5_63 .818_m
.39621 .ooo56 l .o3911_ / [ _9.12':)[ .I_9116 .618_,9

.caio) .7ox_ .Ti316 1 -i-o59| ._8oo

-7.59o .o_69

I I F_o.s_oi-.o2_,88

...... Z2 __

._

.19501

._6

.Ollhl

._7
,3800

• 2653
.O9%1
.9_ii8

•65503

.lOOgO

.00599

..19_7
L.0759

.'m_,07

•12'6}'.3
•0_3

• 1355

• _998
• 16896
• c_62

.oo_8_

._56a 1

• 81_
.7o_

-_)75
.o_176 l
•OlO_9

•76037
.6)77_

.53_0 1

.o8o56 .ii518 1

.i_96 .18n7 1

,_9_87 .6i_
.So_81 .81_1

1.[X)_ 1.0C_

•0_9160
-. o0737 .O2197,
-•OO509 .O'_Od

.01_3 .0_T37
•o3_79 .66210
.o_o .09i_5

•13337 .i58_o
._768 .zW_o
._7891 ._8877

•9oi_5 .90_91

• . oy:_6
.oo526 ._.16o
.oN;k.7 . o",_._

.0_I .IO23O

.i1786 .i _"937

,7_i_ ,7_n

.o_

•0779o .1)o1_

.o5_ .lO72_
•08373 .15665
•187i5 •_)_56

•_3 . _.iTT_
•_0 ,7o_

.9_1 -95_7_

.o99952

.oz_.8_ ,OTl_i

.o_o_ .i_8_

.o_It_ .i96i7
•_i7_8 ._

-50)59 .58_5
,8865_ ._5_

•o_9_ .i71_8
-.o_6_o ,lO6)1

-. e56_o . _o18_
-. i53oi . _

._6o .5i98_ ]-79519 .821).8

18
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TABLE II.- _ AND THEORETICAL VALUES OF FRESSURE C0_FICI_TS FOR

TWO-DIMENSIONAL A_ODYNAMICALLY B_ BODI_ - Continued

et 5,

leE dee

o 7o.56(

65.55;
60• 19_
4o.86_

_8.77;
2o.67_
14.68(

9.55(
6.16E

2.56;
o

5 65.56(

6o.55;
55-19_
55.86_

23.T?_
15.67_

9.68¢
4.35C
1.16£

-2,437
-5.ooc

1o 6o.56c
55,553
5o. 19
_o.86_

18. 773
1o. 67_

4.6&
-.65C
-3.83"_

-7.437
-i0.00C

Ole * 78o

_meas - Cp

%,measl % cp I Cp,_as

1.8192 1.8192 1.69o8 1 o
1.6855

1.5546
i.0113
•60919
•38554
.24oo_

•13506
.0?860

•02735
.OO237

i.7k51

i.5759
1.4155
.851o3

.48178
•2913_8
• 17656
.O8_
.o_198
• OO399

- .oo824

1.5646
L 3718
1.2003

• 66515

• 55675
._786
.1149o
.04643
.o1565

-. OlOlO

-. 01450

1.5955
1.1865
I. o167

• 52699
.26274
.14126
.o6988
.o2o_1

-. oo150
-.01653
-.018_i

1.2277
1.0217
.84446

,40_57
.18015

•09217
.o5519
•oo265

- .01151
-.01810

-. o22o5

1.0266
.83832
•669_6
.29598
•12925
.O'58O8
.01515

-.0087O
- •01821

(b) Parabolic arc bodies - uvper surface - Concluded

et e = 900

1.6899 1•57o7 I -.oo_q3

1.54o5 1.4516 1 .oo9o7
•8758_ .81395 I .1-5395
.47381 .44053 1 .n709
.15522 .257O9 1 .53_57

.15144 .1221_ [ .45242
•o5599 .o5o19 I .59424
•02361 .02199 I .69962
.00_11 .OO38OI .8_975

0 0 i.0000

1,7_51 1.5760 [ 0
]-.59O2 1.4562 [ -.O1O36
1.4197 1.2818 [ -.00297

.72279 .65261 I .15168

._199 .3O897 [ .29015
•15385 -13885 I .47165
.o5956 .o5376 I .66266
.o1211.0lo9_ ] .85556

.ooo86 .ooo79q .97951

1.56_6 1.4421 I o
1.5961 1.2868 ] -.o1771
1.2177 1.1220 ] -.0145o

.54299 .5oo59 I .18366

.21352 .19693 I .4o145

.o7091 .o6528 I .65886

.o1375 .01266 1 .88o33

z.3955 _.291_ I o
1.2165 1.1275 1 -.o2929
1.o53o .95706 1 -.O16O3
.39055 .36185 I .29894

.11619 .1o777 [ -55778

.o2o12 .o1.861 i .85757

1.2277 1.191 1 o
1.o&18 ,96241 I -.01967
-85757 .79189 1 -.o1552
•26116 .24117 I .35_8

.0h782 .0_423 I -7_55

.ooo28 .o00264 .99696

1.o266 .96929 [ o
.84_2o .79718 I -.oo7Ol
.66914 .63153 I .000_
•15053 .142O7 I .48796
.00_69 .00823 I ,96371

Cp meas - Cp _, 8' Cp, meas C._
Cp,mea s deg deg

(_) ____ (_)

0.07098 o 83.9o_ 1.799o 1.799o
.o68oo 77.53 _ 1.7474 1.7348
•07912 70._C 1.6279 1.6175

•19516 61.096 1.4344 1.3946
.272O8 44.92_ .99129 .90713
.38184 32.279 .65784 .51907

.49129 25.69_ .46_7 .5_219

.62280 19.131 .31799 .19_4

.72o74 12.938 .19416 .09114

.861o6 7.m? .o9459 .o2_71
i.oooo 3.497 .o4557 .OO666

o .oo25o o
.o969o
•O8749 5 ?8.900 1.7522 1.7922
•09445 72.552 1.6565 1.6557
.23h05 65,540 1-5152 1.50_
•55869 56.096 I.Z945 1.1556

.52315 59-922 .8_121 .74922

.69551 _.179 .5139_ .38255

.86951 2O.692 .36347 .22735

.98118 14.151 -25%5 .i08_4

7.932 .15275 .03h66
2.217 .05626 .00273

-1.5o5 .oi739
.o?829 -5.ooo -.o1145
.o6196
.06523 i0 73.900 1.6661 1.6661
.2_770 67.532 1.5455 1.5413
.44796 6O040 Z.568_ L_682

.68594 51,096 1.1537 1.0932

.88982 34.922 .68190 .59132
22.279 .59205 .2q10_
15.692 .26917 .15216

9.131 .16457 .04547
2.932 .08140 .oc_73
-6,905 -.ooii5
-I0.000 -.01816

.o?_6o

.o4975

.o5866 i5

.31336

._8982

.86826

.07624

.0_05
•06225
•_o389 2o
•75448
•99711

I

.c_9o7 !

•o5666 l
.51674
-93632 251

I
i

l. J
at end of table.

68.9oo 1.5_76 1.9476
62.932 1.40o5 1.3998
55.5_o 1._o67 1.I_)86
46.o96 .9_3o_ .92314
29.922 .556_2 .44227
17.279 • 29948 .15694
10.692 .19973 .061O8
4.131. •10693 .00922

-2.o62 .o_Sn
-7.7a5 .oo781

-Ii.5o3 -.o1566
-15.o00 -.0218_

65.9OO 1.4309 14309
57.539 1.2622 1,2630

5o.5ko 1.o599 _.o575
41.096 .7942o .76675
24.922 .43339 -31495
12.279 •21845 .07855

5.692 .15o_9 .0].75o
-.869 .o6624

-7-062 .02122
-12. ?83 -. oo732
-16,503 -.o2254
-2o, ooo -. 02907

58.9oo Lz_23 _._25
52.552 Li0_1 _.10_8

45.54o .89856 .89075
56, o96 ,65757 -6o714
19.922 .528oo . 2o295

7.279 .14664 .o2811
• 692 .o8159 .OOO26

-5.869 .03407
-12.062 .00092
-17. ?83 -. 0178_
-21.503 -.02722

-_._ -.o_o

!
iC_,me_ - C; Cp,meas - C.pCp

(_) I (_) (o)

1.7978 o
1.7356 , oo72].
1.6165 .0o639

1._61 .o277_. •o_9o
.51858 .18621
._i75 . a_85
,19930 •38539

.o9115 .53O59

.o_87o .696_8

• 00676 .84T14
0 1.0000

1.7509 o

1.6545 .ooo36
I._o66 .oo_oa
1.2525 .0316o

•74885. .10935

•38195 .2_60_
•227021 •57450

• lo838 1 •54551
• o3.k63 ] •73891

• 002721 .95148

I
1.6785 o
1.5527 I .oo15o
1.3785 ] -.oooo7
1.1012 i -O5572

: 5o_
.133021 .50901
•Oh579 .72370
.OO476 .94189

o. ooo667
• oo79o
• 00700
• 02851
• o8557
• 18697
.2658_
•9_83

•5_54
•69659
.8_485

.oooT_
• 00109
• oo568
•o5244
•1o982

•25682
•37541
• 54357
• 75915
.95165

-. OO744
-.OO6O9
- OO76O

.02867
•12615
• 55340
.5O581
.72176

.94152

1._8_7 o
1.451.5 _ .oo050
_.2}62 I -.oo157
.94591 ] .0_638

•45245 ] • 2o515
.16O_2 ] .47596
•o6299 ] ,6931.9

1._43 I -.oo065

i.o859 [ .00226
•78563 [ .0_56
.32286 .27333
•o8224 .6h0_8

.o17891 .86568

]-.5552 0
i.1454 , .00208
•9_6_ [ .oo_7

.63tll I .o4773

.21 iio I 381_

•o2919 [ .8o831

,.

-. o2268

-.02215
-.02445

• 02495
•16689

I
.9117_ 1

-.02481

-.02545
-.02264

•01079
._55o_
•62_
•86269

-.o5969
-.o3741

-.o311Ol
•OLO13
.556_o
.8oo_
•99669
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TABLE II.- _ AND THEORETICAL VAI/3F_ OF pRESSURE COEFFICIENTS FOR

TWO-DIM_SIONAL A_ODYNAMICALLY BLUNT BODIES - Continued

(c) 0trcular arc bodles - lower surface

ele - 66 ° ]

b

(b) i_)

8_e - 42o

..... I Cp C_ I_I _----_-_Bs, eg deg

1._1O1,1=.9,1.260_ I[.2798 2397 0.00031 J O.051b_ j 0 3.07 1.8182 .

.1786 IL.2205 18_ -.03595 ! -.OO3O5 I 1.71 1.6974 1.7552 1.7n7

.15_I 11.18/+2 i_'70 -.O4h18 ) -.01137 I 0.29 1.6008 1.68_6 1.6437 I

.O375 II.O898 0596 -.05C_I [ -.017h5 I 8.36 1.5092 1.9899 Ii-5518

.967491[.0019 970_7 -.03957 I -.CO_ l 6.27 i._802 I.I_856 II.4504

.852321 .87173 84432 -.02277 I .00939 I 1.36 1.1214 1.2_2_ II._i_5

.740251 .77945 74819 -.Oh_7 I -.01023 I 7-96 -9529 _ 1.0769 11.0513

.6%_271 .67_96 65377 -.oA764 I -.01479 I &.91 .82137 .932231 .91012

.490711 ._O_L_ 49231 -.0_281 1 -.0052_ I 1.71 .697_C .786451 .76777

.2450Ji .23021 22299 •05_ 1 ._246 I _-77 ._17C .659011 .64537

.1656_ .13148 1_T5_ ._o618 I .2_i18 I 7.96 ._1_ •270761 .26_33

.ii%62 .06201 06007 •49_23 I "_7131 I 6•52 .i0_0_ .056651 .03578

.01926 D 1.0030 I I.OCOO I O .0356_ 0 0

.6295 !1-6_92 1.5862 .00018 i •02657 I 5 8.07 1.8189 i._i_ 11.7826

._69_ _.%9_ _.5ml -.O6555 I --051%_ I 6._ 1.15_ _.V6_ _1.7296

.40_5 1.57-14 i,_60 -.08323 I -.09805 I 9._9 1.65 oo 1.7058 Ii.6723

.2767 I,_2_6 I._8_i -.11906 1 --08569 I _.36 1.5603 1,6L_ ii.5958

.1796 1.3_70 1-2919 --12h96 I -.095 _O I &.371._57 1.5565 11.5060

.90016 1-o69 ° 1,oho7 -.18797 I -.1_613 1 9.31 1.35_2 1._51g 11.$2_3

.789_6 .9966o .9_13_ -.21_o2 i -.1_c_2 I 6._6 _•_69 I._2_ iz.296_

.61_82 ,7D933 -73947 -.2373_ I -.20_70 I 9.96 1.0_06 1.172_ Ii.ia97

.59673 .6530& .6398C -.23980 I --20707 I _9•91 .9336] 1.0595 11.0191
-3_9_9 ._0_2 .399C_ -._075_ I -.1796_ I ,3.77 .6_i_c. .77995.1 •76k6]
._h]5 ._7310 -2659C -.i1857 I -.08908 1 !2.96 .35901 .584391 •3768._

.17961 .1664O .16_ .01355 I .09805 I 1-52 .19_6] .1_I .098_

.0_567 .o2377 .0251_ .557II I .5_7 I 5.c_ .06_3] .019191 •0188(

.8178 1.8171. 1.7772 .0OO_2 I .02235 I1( _3-O71-_175 1.6174 Ii•7883

.6617 1.7576 11.7187 -.C_771 I -.0/9_50 I ;1.7111.7915 1.7751 Ii.74_7

.5900 1.7207 11.6826 ..O8290 [ -.O58_ I

•4929 1.62_O 1._870 -._17 ca I -.O923O 1

._32 1._}CO 11._960 -.13907 I -._376 I

.O507 1.2765 ,1.9_8_ -.Om_9 I -.18797 I

.9_0_9 1.1636 A.1378 -.23754 I -.2_0_0 I
•76o04 .96125 •93991 -.L_9_7h l -._367a I
.66_i_ .84929 .8_6 -._7479 I -.2_670 I

._567_ .98_6 .571_ -.279_O l -•290_6 l

._6_49 .29619 1 •s896_ -.11_85 1 -.o9_05

.19342 -1859_ -181b.] -040_55 .06178

.09951 .090_ •08_ •09_06 .11315

;0.2911.7_ 1.7246 Ii.6970

_.3611.6572 1.55T5 11.6310
i6._711•557_ 1•5_i_ 11.9960

i_.3111._7_% i•50_5 Ii.484_
ii._II.55_7 1.595_ II.37_9

_4.9111.0716 1-1399 [1.1217
_.77 1 .816& .896451 .88_01

_.9_I ._1_: •5o_51 ._9_
_6.9_ I ._17_ .IBhSOl .18181

LO._( I JcvF, .O6B9_t .o678_

5,
cteg

1.19
0.01

9,30

5.63

2.91
0•77

6.2/
2.18

8.33

o

6.19

5.01
_._0

0.63

9.77
3.56

9.51
_-!9
_l.P/

7.18

3.33
5.00

1.19
,o.01

9.30
7._i

5,63
0,77

B.56

_• 19

.8.3_

[O.OC

i6.19 .81_3 1.8180
i5.01 •71oo 1.768o

_._ .6527 L7_9
i2.hl -D283 1-65_O

_0.6_ ._200 1.5742

O.Ti . I_32 1.3521
G._ .o_°9 1.291o
_9._] .86761 i.o66_

_7• i_ . _o32 .962o. _
_1.2] .533_2 ,7074(

_.I_ ._3S88 ._961
L9.4_ .2_369 .2910(

[5.(X .15271 . 1761_._

51.1 _. ..8176 1._171_

_O.0] ..77_8 iI.YTG1
)9.3( -.7359 _i 750_

55•6: _.5_99 i1._1_O

)0.7" L._7_ iI._205

_k.5] .99_ 11.1637
k2n<. .9O59_ II.0675

_6.2] .685241 •526_ !
32.1_ .9/_ I .6716<

_6.1_. L.8187

65.o: L.8187 ll.8OlS
9,.5( L-7939 11.7"1505
62._: L.TI99 II.72_

60.6] [.6_90 11.6656
55-T L.h077 Ii.49_9

9_._ L31_1 II._195
_7.1! £.o475 Ii.l_OO

_7.11 .679_ I ._00q_
33.31 .57o1_ _ .6621,

_9.1.: ._511( I .SilO:
95._ .316511 .3916/

Z. 5105
.1_61

.051_

.813_
•661h

.5251,

,i•796_
I.7635

_.7_Z_
.6862

1 ..o_
I ._671

.389&

I .1549
•9318

.?839

.6481

•5178

•_3

78_& -.00016 .o186_ i: _8.o111._oo5 1.7991

7353 -.o3392 I ..01h80 _6,7_ii.8182 1.81o5 11.76o2
7048 -.05C95 I -.05152 _._S. I1.7889 1.77o7 11•7_

.6_35 -.O82_ I -.O62_9 ;3._ _1.7_± 1.7_6 11.6669

.51_50 -.i0859 I --08803 _I.Z511.6539 1.6_99 1.60&O
,3372 -.18377 I -.16197 36.3_ _I._SGI i._875 .i _61
.2279 -•_OO00 I -.17784 32.9(Ii.51_J2 I._574 ii.3_94

_C_67 -.22912 1 -.I_642 _9.9] 11.2077 1.2561 il•2Pi2
,9t_21 -.21_387 I -.2_T8 O.T_ _ ._'_, 1.o_7 _, .998r

.69_3! -._737 _ I -.25021 _2.9_ _ ._tlw .63937 i .61771

.1731' -.1553_ I -.01_0 iS.0( I .1_i_ .ik375 .1397_

.7897 •00011 .01529 _ T3.0" Ii.7619 1.8007

.7492 -.C_186 -01531 TI.7] [1.81_I 1.7759

.7238 -.oo969 .00_6o _o._.II._1_ 1.8o_ 1.7436

.6_53 I -.03319 I -.o1_52 _._ 11.7_14 1.7615 1.7oo2

•_ I -.i1589 l -.09899 51.3( 11.5609 i•570_ li-5197
-.l_ I -.i1741 37._ II.a_65 I._650 l.hlhO

-.16545 I -.i_773 )h.91 II.3306 1.3651 1.3176
--i_35 I -'i_5 _8. T 11.0967 1.1_76 1.1o77

-.20997 I -'19 IP/ 57._ I ._u_ .771931 -7_6
-.22358 -. 30502 52. i'. i ._50 "5_ "55_ i

-.20107 I -'18283 26.5:1 ._eT_ -_06331 -39_

.012e6 2 ?8•0' _1.7o_ 1.8o9_

.009 Ew9 •0_035 76.7: I I.T966 1.?865

.007_7 -0285_ 75._ II._174 1.76h_

-•00192 .01937 73-_ Ii._i12 jI.7_I 1.7315
-.O1623 l -.0C_37 71._ II.7807 1.7936 1-6919
-.0g479 _ ..0_920 66._Ii.6571 Ii _Ii 1.983o
-.(_o_I I -.o_7_o 62.9 _1.5501 1.551_ 1.49614

-.i_61.9 I -.io_3 99.91 11._51e 1.1,61,o 1.4122

-.15761 l -.13304 53-TII.2_51 1-2673 i'2_2!_
-.17923 [ -.i_0 h2.9,I ._2_ .9O830 .8761

-.161_5 I -.i_6_9 57.1'I .67_ .71309 .6878

-.17_ , -.1_ 31.5 ..... '-5:_1 ._

(_) _ (_) .

o. oooo5 o. 02381
-. 03287 -. 00_2

-•o517_ -.o268o

-.05321 -.02823
-.O7637 - .0_O86
-.lo8_ - .O8195

-.1_oo6 -.io319
-. 13_97 -•1o805

-.12766 -.ioo9o
-. 13290 -. 10602

,o_7_6 .o698_

l, 0000 1.O000

._ooo_ .o19_
-. 0181_ .oot96

-.033_ -.O1352
-•o_198 -.one7

-. o6267 -. o_ 171

-.O7215 -.C9103
-.o99_78 -.oT_m
-.1165_ -.o9_33

-.11_2 -. 09157
-.].4_ - .1_97

-.075_2 -.C_9_6
•34_85 .35779

.69689 .7o3o5

.ooo2_ .o16o7

,OlO_7 .o_612

.00508 .O2100
-. 00018 .01578
-. o154B .00_83

-._3o6 -.OO671
-.o_5_o - .o_862

-.05938 -.o_z
- .O637_ - .0_675

.o97_2 -.e7£82

.o8887 -.o71_

.1521h .16572

•357_o .36755

Gg'me_s I Cp'me_'s leg (leg I:p, mea_ Cp

(a)

o ;5.281L81_2 ..818_ •T977 l-O.ooon 0"_° t;).5911.76_-7 ..767% ,7_7 _ - ,oot53 ,

,1.7_Il. 6997 _.709 _W .6900 -, oog"rl _°_6(_ Ii9.i_51 i•6_6 L.6_3 .6157 -.00_35 :

i6.9811.5L_90 L.Sh93 ,5318 --01328 -•oo183
iO.o511._58o L.9950 .9803 --099&I -.01775

.7.iO! 1.1468 L.18_ .1691 -.03113 -.01945
_O•121 .88377 .911._ .90_52 -.03518 -.023 h8

D.Tii .71487 .75091 ,7_2h6 -.05090 -.o_859
_1.o_! .97o_8 .9895_ .579O2 -.o2697 -.o1533

_8,18! .g6Ok_ ._14_ .21215 .17609 .18542
q.7gl .14440 .06_6_ ,196_ .55942 •_6h& 7

.03990 ) ' i. 0000 I. 0OOO

5 [0.28 1.8181 [.8_37 .8OL>_ -.OIhC_ •0_75

_.99 1.8127 L.803i .7615 .00930 .O_F69
_6.74 1-771.6 L. 75._ .7163 .01059 .032B5
9¢.45 1.7208 [.693% .6953 -0159_ .0_S06

;1.98 1.6_2 t.6_li_ .58_9 .012_7 .0_89 I
_5.O5 1.3931 t._977 -_63 -.CO330 .0199_

32.10 1.2909 [.29_4 ,. 2663 - • 003h9 .01906

_5.12 1.0303 [.Oh_5 .0210 - .01378 ,00903
_0.71 .898o_ •88521 .865_ -.o31T_ -.oc853

_6._ .7o_k7 .7199: .7o573 -.0Z192 .0o105
._3.18 ._715 .3_'_ .31517 .071&_ .09212
U_-79 .188114- •1354q .13_i ._799_ .2962"2

5.00 .073_7 .01_8_ .o1_5 .78_o9 .7891t_

i0 F5.28 1.7535 .6062 -•030_9
_3-59 1,8178 L.T(66 ,02266

II.T- 1.8178 t.812_ _.7_11 .oo3o3 .c_]9
59.49 1.7929 1.7621 L-69_9 •01718 .09578
56.9(} 1.7559 1.7029 L.6356 •019_ .09778

50._ 1.5231 1.50_ L-_496 .00959 .0_826

_7.1o 1.4_85 I._168 L._612 .00819 .0&711
30.12 I.IT86 1.18_ L-1369 --'OObr07 "035_

_5.71 1.0151 1.0300 .9_95E -.01_ .023214
WI.O_ .858_ .8661( .83215 -.oo9o3 .o_9

_8.18 ._6181 ._BL_ .__K)6§ .02998 .06739

19.79 ._7_OC .2_O2_ .22115 .15360 .18680
10.00 -.1197_ .O6O9! .0_2]

.00_23

.01017

.O1010

.oo2k_

- .o21_6

-.03752
-.O_008
-.O636O

-.O8165

-.o_232

.o_931

.15590

.00_02

.01117

.010C_
! -.OO6O9

[ -.o1_9_
: --o_93

i - .o8n2

-.05911

-. o2139
.00972

.oo8_

.o13_

.oo966

-.oo89_
--026o7

-.o6_

-.05669
- .o_9_8

-.01_67

.00500 i_ BO.2B 1.6593 L.8100 -.0_2
• 05190 T8• 59 i. 78_2 [. 7901 -. 00106

.o3773 76-71. L8t75 t.7650 .o2889

.0376_ 74.45 1.8175 1.60_6 L.7292 .00710 .0_89_

.03017 71.98 1.781.5 1.75_ L.6_9 .01k26 .09581

.oo687 69.o3 1.6m_ 1.59_ 2+ [.5316 .Olk19 .o53_

-.oc_bo 62.1o 1._32 1.5186 t._99z .o159_ .o57o9
-.01118 55.12 1.31615 1._)8_ [,2537 ,00_78 .0_7_

-.0_0_ 50.71 1.1596 1.161.9 Li162 -.OO%57 .o37_3
-.o5157 1,6.@ 1.0057 1.0072 .9651.= -.0011,9 .o_o/fl*

..01332 33.19 ._. ._82_! .5581( ,011_0 .05L_1.
.o66o6 _.79 .3611_. .5416 .3_73 c. .o5_ .o939a

.15854 19.00 .1657] .1302_ .12_8] .21393 .2_682

-.o2_o2 2( 89._8

.o_31 83.95
.o}87o 79.45

.0_9_8 76.9_

.o2896 7o.o9

•01553 67. IC
.oo977 6o.i;

-. o1oo5 55.71
- .ok35o 51.o_
-.o2em _.1_

.011,18 99.75

-.o6o9o

• (3"5622 8@. 5(.
.0_916 86. I_

.o9oo9 78.1_

. o,%,%72 75.

.05_£_ 72.1(

. o_14 65.1:
•010_B 6o. 7]

-.o_733 96.c_
-.01925 _3.1_

-.O12155 _.7. _
.02124 2'5-0(

L57o2 1.8136
i.7/,87 I. 8o32

z.8171 t .76_8
1.8171 1.8029 1.73_ .00781

1.7681 1.y_02 1-6731 ,01578

_.7019 1.6781 Z.6_3_ .01"_.98
1.6339 1.6116 1.51,99 .Ol;._5

1.1,360 1._k:77 i.37zw .oo5?8

1.19o2 1.2966 _._66 -.oo_9_
!1.11,37 :.1_1 1.1059 ..00_8_

.721_ •7_5T ,697_ -.00986_792: ._685 .1,5o9: .o1597

.2_%: ._21 .213601 .o_3Ol

1.49_5 1.B178 I
1.676& 1.8167 I

1.758_ 1.8119
'1.8086 1.8008

1.8o_5 1.7852 1.7%16 -.o1059
1.7972 1.7594 1.696_ .01013
1.7082 1.687% 1.6461 .01218

1.540_ 1.5335 I._96o .OC_h_
i._1c6 1.1,176 1._8_9 -.oo_g

1.2716 1.2817 1._c_ -.co7_

.853_ .8?26 .851_ -.co_6_

.5_o6 .6o6_ .5919_ -.O_T5

._6 .33_8 .321,64 .o'_97
[ _ _

-. 155O1
-. o371o

.OSB?8

.0_606

.05373

.o3166

.o_o8

•o5579
o3_8o

.o_93
05197

12_2

-•21633
-.O8569

- 050_3

.00_31 1

.o_T5

.o/,%37

.o5635
o2682

o196_

o1667

. oo239
-.00163

.05233

&'bSee footnotes at end of table.
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TABLE If.- _ AND THEOK_ICAL VALUES OF PRESSURE COEFFICI_TS FOR

TWO-DI)_SIONAL A_ODYNAMICALLY BLUNT BODIES - Continued

(c) Circular arc bodies - lower surface - Concluded

cL_ 5,

deg deg

o 77-o_

75._
73.0:

66.7(

6o.3_

55•7(

51• 4-1
47.8.1

_2.9(

36.45

5o.8."

9.o_
o

5 82.C_

80._

i 780;
1 71.7¢

65.35

6O.7C

56.4.1

52.8."

47.9:
41.4S

35-8_

14.o4

5.0C

IO 87.o_
85,05

83.0_

8O.27

76.70

70-39
69.7O

57.83

52.9o

46.49

4o.85

z5 19.o3

lO.OO

92.o4

92.e5
88.o2

8i. 7o
78.57
75.39

70.70
62.83

1 57.9O

51•49
45.B_
_.o6

15.oo

20 97.O4

95.05

93.02

86.70
83.6o

80.39

75.70

, 67•83

62.90
56.49

50.85

29.O6
20.00

29 o2.o4

00•05
98.o2
91.7o

88.57

85.39

80•70

72.82
6%90

61.49

35.85
9.O6

I 29.00

a,bse e

C.p_mes_

1.8190
1.7967

1.7657

1.636_

1.4588

1•3o29

1.1_1
1.o_42

•88391

• 6896. _

•53551

.1419_

.O423:

I.81o5

1.8185

1.8123

i.7269

i.3193
1.4409

i.3055

i.1986

I.098

.8991
• 6695_

• 189_

.o77L1

1.7580
1.7992

1.819o

1,8172

i.7875
1.67%3

1.5612

1.3373
i. 1814

-999._

.81o58

_;%_
.12392

t. 6225

l. 7574

t.79_t

,t.8185
L 7948

k.7_11
t.6675

L_740

L3_91

t. 1419
.96148

.3_8
• 17059

z.46_o

1.6_O4

1.7303
_.818_

1.818h

1.7940

L739o

t.58_6

L4615
t.sso9

L•1O65

• L_6776

. _-_63

_-. _)_1

[. 5237
[ .6%h2

L7_4

[. 8179

L .8129

L.78_7
l. 6711
[.5657

L.4098

L.2370

•_3U

.331_

ele = 78°

I C9 '

l(a) , ,
I

1.8189 [1.8055

1.7879 ri.77_7

1.7519 rl._9o

1.6157 IL6O37

1.4523 11._16

1.3o71 II.297_

1.1709 11.1625

1. c_22 ll.Oa_5
.887531 .88o_

.67714 i .6725

.50366 .4999 _

•O47b7 .C_7_
0 0

1.81O4

z.8185 i. 79o8
z.79_7 1.7663

1.6897 1.6639

i.5_92 1.5296

1.4_55 1.4o38
1._o14 1. z_16

1.1903 1.1722

1.0319 1.0162

.82m9 .8C991

.6_259 -6331.*
• 11o73 .i09_

•01424 .o140;

1.8163

1.8076
1.8312 1.79_3

1.8o55 l, 7692

1.7743 1.7586

1.6_92 1.6159

1.5439 1.5128

1.3319 1.30_0
1.1824 1.1986

• 97744 .9577h

•79918 .87021

•19834 ,19&9

-0560_ ,o949;

1.8162

i.8185

1.8163

i.8016 i.7806

1.7677 1.7%71

1.7226 1,7o27
1.6390 1.6198

[._56_ 1.439_

t.32o4 1.3o5o

i. 126h Ln33

•94726 .9%22
.3C_98 .30m2

.12326 .1218;

1.79n

11.8o43

il.m:_

1.8093 ] 1.8124l.7956
1.7812 1.7676

1.7205 1.7o75

1.5715 i.5599

1.4521 11.44io

_._ iz._o
t,112O 1.0936

.2127_

z. 7589

t, 7629
1.78_

t.8i63

t ,8168
[,Snl I t.8o61

t.7753 1 t.77o_

L.66_-1 I [.6_9_

L'56_9 I L5606

L.407% I [,3127
L._8_ I ['2450

•57198] .57O42

L3m_�j.3___o

3p,mems - C_

C_,me_

O,OOOO9

,OO_90

,OO782
.Ol_65

.oo446

-. 00322

-.011o5

-.oo766
-.OO4O6

•o1812

.O5953

.66_95

I.OOOO

o

.01026

.02267

.01906

.OLO69

.OO3ih
•OO692

.00260

.01957
•O4O_

._1518

•81619

-.o0671

•0O6_

•oo7"58

.OO15O

. o]3._

.oo4o4

-,00085

.01610

.01876

.2h783

•54777

c_,=,,-c;l s

__(hi_ [

0.00742 I (
.01224

.01512

, o1998

. on79

.oo492

-. oo363

-. ooo_9

• _335
.o_36

.O66_9

.66756

1.oooo

.oooo6 I _

.01523

.o_9
•0376o

.o9oo
• O2575

.01831

•02203

.01701

.o953

.h2hlO

.819o3

..c_5o5 1 lO

-.oo_67

-. 01358
.o_6_i
•o_7%
,O%A88

.o31o0

.O_l 5

.01930

.o3593
-.OT_3

.z_3oo

•55681

- .11938 I 15
- .O4668

- .Ol4O7

• oo9_9 .o2o8_

.01510 .02698

• 01616 .0_76_

.01709 .0C@61

.o119_ .0297

• 00655 .018i3

.01357 .025O5
•01479 .02627

•146_5 •15638
.27745 . _989

-.0229 I

- .09991

-.O4805

•00330
•oo5oo .o1254

•o0713 .0i_72
,0106_ .01811

•00827 .01584

.o06_3 .01403

.00_70 .01319

.00_07 .01166

.o754o .O82_

.15819 .16_59

-.9371 i

-. 15672
-.o8_n

-.0116_

.00061

. ooo993 . oo374

.oo527 .ooSOl

,oo419 .oo7oo

.ooo51 .oo326

-.00114 .06623

.03O43
-io_453 i .oTTO____

...... _. 9o0
I

!deg Ic1:',mea_ C_,me _
I

89.9111.8176

87.90 i. 8i76

' 8& 53 1.8O42

76.6& Ii.7181
7_.06 Ii. 6_2

69.O5 11.5685

63.3111,4311

59.4711,32_2

54.591 i,18_5

44.ooi .8719:

36.111 617r
13.801 .1735_

o I .O459:

9_.9111.7989

92.9011.8117

89.5311.8178
85.7111.8062
81.6_ 11.78oo
74.c9 [1.66_8
68.3z [ z.549

6_.47 [1._Sho

59.5911.3_79
h9.ooll.02_

_l.iil .7666:

18.8ol . _5o_4

5.ool .O8_

99.91ii,75_o
97,9Oii.777D

90.71 Ii.8179
86.6_ I 1.8io1

83.O611.78£8
79.o51 i. 7394

73,3111. 652_

69.4711.57%2

6_ .5911.4600

54•0011.1663
46.n [ . 9_%(

23.80 [ . 3377-"

I0. O01 -i319(

[0h.91 Ii.6859

L02.9OII.7167
99,5311.7613

91.6h [1.8189

88.o611.8189

6%.O5 11.798_

78.3111.7477

7%._711.689_

69.5111.59h?

59. ool 1.3_8

5i.iil 1.c9i3
28.801 .4554_

15. OOI -17611

L09.9111.5903

m7.9011.6327

LO0.7i[i. 7_68

93.06 [ 1.8186
89.O511.8136

83.3l[ 1.7899

79.4711-755o
7%.59t 1.686_

6_ .oo11.4599

56.11[1._41

33-80I .57656

2_.O4 1 .33589

2o.oo[ .26_65

_1_.9zI z.4797

_2.9011.5272

.o9.5311.6oo9

Ol.6_11.74_7
9_. o911.8o8_

_,3lli.8178

8_.h711.O8_

79.591 i.7597

69.ooi i,5778

61.nll.�A7

58.8o1 .71_5
_-O41 .4_o90

1.8179 [1.8176 -O.OOOi7

1.8152 [I._152 •OO132

1.8011 [i._011 .00172

Z.72O4 IZ.720_ - .OOl9

Z.669 Ii.66_ -.OO314

I._8_2 1Z._4_2 -.OZC_
1.4511 11.45// - .01398

1._85 li, 51_5 ' -. 01835

1.2072 [1.2072 -.01916

.877£_ [ .87708 -.00_92

.631bl .63149 -.oo698

.i09; [ .i0_2 .40392

3 1.O000

[i,8O44

[1.813l

1.8177 1.8177 ,00006

1.8o77 [l.8O77 -.ooo83
1.7793 1.T(93 ' -OO039

L68O5 Z.68O5 I -.OO_
1.5697 1.5697 i -.01330
1.t_01 i._801 ! -.017o25
_.3519 1.3519 I -.o18o7

Lo3_ 1.o39 -.oii33

.1888< .24619

,0158; .01_2] .833 _

I
1.77_

i.7832

L.8172 i,8172 .00017

L.8ZlO 1.8110 -.ooo5o

L.7910 1.7910 -.0OO67

L. 75i9 1.7519 - .00719
L • 6677 1.6677 -.00958

L.5939 1-5939 - .Olf'S1

L • h827 1.48L_T - .01533

L, 1896 1.1896 - .01998

.9_1; .9_41'. -.o18o6

• 2959_ .2999_ .12359
o_& .cs_& .58660

1.6984
i. 71_2 ,

1.769o
..81_ 1.817% .00082
..8168 1 8168 .oon 5

-7993 1.7993 I -.OOO_4

_.7_3 _.7_3 I .OO195

..688_ 1.6a8_ I
-.59761.5976 -:_°_8_

-356_ 1.3%_ t -.oo_76

..lO221 ..42_151o22 - .oo999.o75c9

•.422l.=12i8. .12185 .5089

1.6076

i. 7557
.819 1.819 I .OO266
..8181 i.8181 I -.O03L8

• .7939 1.79_0 I -.OO223

• 7978 1.7978 [ -.0016O

.6901 1.6501 -.00219

._691 1.4691 -.00626

._59 i._9 -.OO742

•561_ 561/_1 .oo656

• _ .21_ ] .19615

1._952 I

1.6146 I
1.7_391
1.8o87

.8162 1.816.9. I .OOO88

._8_3 -.oo412 [

• 3937 ]-[_937 I -,oo65o

.71372 . 7_3721 .oo13o
• 37552 .375521 .1_8a9

•324e .324_ ._O_l

footnotes at end of table•

Cp,meaa

0

.00132

.OO172

-.2o19
-. o0314

- .OLO65
-.oz3se
- .o1835

- .o1916

-.oo592

- .oo696

• 40392

- .OO5O6

- .00077
.OOOO6

- .OOO83

• OOO39

- -OO_3

-,01330
- .01795

-.018O7

- .0L133
- .o_993

,24619

•833_9

-.o1187

-.032O7

.OOO17

-.00050

-.OOO67

-.00719

-.oo958

-. o1251
- .o1555

-.o15_
-.o_8o6

•12359

.5866O

-. 00861

-.00670

-• 0O437
•00082

•ooli5
-.ooo44

.oo195
.ooo65

-.00182

-. oo876

-.oo999

.o7_o5
._O89

-. OlO_

-.oo868

.ooo57

.OO286

-.oo2_8

-.00223
-.OOl6O

-. OO219
- ,_3626

-.007%2

. O0656

• 2336_

•1_15

-. 01O48

- .OO992
-.0O856 ;

.2OO46 I

- .OOO17 I
.OO_8 I

.OOlo5 I
._07% I

-.Oo41_ I

-.00650 I

•OOl30 I

.i_8_9 I

'l_______l
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5,
de_ CP, mee_s C_ C_

_._i i.09_ .08i0 i.i088

_.99 .9291O .9i6_ .9399O
32.92 .8_h37 .82_18 .8_4bb
_o.71 .7_67 .727}1 .7_6oi

27.76 .6o836 .6o5o2 .6_o9_
_._z ,_8762 .k7999 ,_9_
i6._o ._3o3 ._i609 ._"159

12.18 .16440 .13%16 .l_q_

_._2 .0_2_5 .01653 °01695
o .o_7o o

55.43 .91_07 .91225 1.0_22
_.3% .87886 .S'_93 .90_8

33.5i ,855c5 .8275o .87212
_._9 .7%o_ .T%oi .Tt572

29-99 .895_ .6778_ .71_91
_7.92 .61_2o -99_91 .62733
_.76 ._._2_ A_o_si ._

17.16 .2867D .2_6_2 ._90
11.'2o .166_ .io_o .i079_

7.18 .io_2 ,0h3%_ .C&_71
-._ .OE_

-5.00.000_i_

_9._ .6T_i_ .Od_9 .682D
3B._1 .646_7 .61608 ,65188

_6.39 ,565_5 .53_77 ,_9_7
_-99 -5151_ ._8_8 .91o66

i7.76 .29_5 ._9168 .26623

1_.16 .18_i7 .i2oo7 .z_

6._o .o9_7o ,o_5_ N_2.18 ,o_io .oo59_

-_.58 .oo_i
.io,oo -.oi_6

._3 .5o7a8 ._So5 .5m6o
_._ ! ._7537 ._6_03 ._82_1

23.51 ! ._h7_6 ._852 ._511

19.99 -_50q_ .32169 .3/__

12.761 .z_966 .19_o .z_59

7.16 I .i_ .0_6 .Oh_k2

-2.8; I .01q_9

-io._ _..ooi%_

-19.oc I-. 00_1

19._ I ._ .56595 ._i07_

18.511 .-,_o .33829 ._88_o

I_._91 .2_520 ._2_19 .191k_
10.721 .i_i'_ .11_99 .09_2

7.7_ _ .Lure2 o_,_ .o5m.6
_.1_ I .0_I_5 _ .oo_o6

._.8_ _ .oi_

-7.8_ I-.oooo7
-i5._ _-.oz_5

1_. _ _ . _51_ • ]-7_

13._] I .251_ .25171 .i_616

ii. 3_ I ,_1552 .1_1 .1/152
9,_ _ ._700 .i_6 .086_

5,7] _ .ll_ .0_571 .0_)_
2.7( _ n".'vm, .OlO7_ .o066_
-2.8_ I .0_077
-8.8( ]-,000_

-20.9_ Io.0_7_5

TABLE II .- _ _ TKEORE_ICAL VALUES OF pRESSURE C0]_'FICIEqTS FOB

(d) Clrcul_ 8/e _odtes - upper surface

-0.0C_09 _ -o.025_ 1 0 9_._g 1.7737

.O(3801 I -.01755 ] 50.95 1.62_3
,01170 ! -.01_71 I _.66 1.9039

.01_I _ -,ull�_ I _3.19 1.20_

.0100_ i -.oi5_ I _._o .9669_

.01565 I -.0Oq62 I )1.59 .703%9
,I0715 ] ._27 1 28.76 .98869

._77 ! .225_5 I 17.91 .2_

.7_699 ] .7_4351 I 6._9 -i09_5

1.0C_O I l.Ce00 I 0 .0_51_

- ooo20 ! ..i_75 I _ _7._ i._669

.03268 -. o_7_ I _9.55 1"3391

.0_222 -. Olg"9_ I A3.66 1.235_

.o_51 -.o_o2 _ _o._o 1.o81_

-0_5_ -+027517 1 _8.19 .96_76
•OZ)8) -,o2_o_ I )6,11 .87i79

.0791_ .0160_ I _3.30 .7Dl19

.38_8o .35152 1 _6.59 .5_

-59_7 .5n83 i _._1
i I._9 .o_9_

! -_.oo .oi_

..ooo_o -.o5792 IO _2,_ I,i_7

. C_23% - .01_2_ _o,5_ i.o861

.0_701 . .008_6 _.6_ 1.00_

.05569 .00067 57.65 .97557

.06395 .0o866 33.19 .77_3_

.lO378 .o_19o 3i.u ._91_

.15216 .10315 28._ .9912_

-35157 .3:1_9 o _._2 ._98_
.6"to6_ .6_ 18.76 .3_9

.92_86 .93%86 7.91 .129o_
-).Sx .OSSOC

-io.oo -.oo539

-.oo_o -.o_883 15 37-_ .55oi_

.e2_86 -.oi_6o _5-53 .888_

. o_c_2 -.oi66_ 53.66 .78_

.o_3%2 ._-)_ _._o -6_

.o83_8 .o_7_7 _.i9 .6oo_

•99767 ._8_o_ 16.59 ._5o_

.97_19 .975_ i3.76 ._�e_
2,91 .07_

-8.5i .005_

-15,0C -.017_

-.3%6_/ ..C6a80 2o 3_._ ._2_
.oooTk .1_689 _0,53 -59z_

.0_207 .17_2 _.66 ._:

._998 .19&_6 _._ ._o_

• _569 ._933 _. u .37_
._om .9678 i8._ .3_863

.9m5o .93_61 ]1.59 .19_6_
8.76 .151o]

-2.o_ .ohsy_
-1_.5i -.OlO6_

-_o.o_ -.o_5_

•_52 25.53 .5555_

-,c_91 .379m _3-6_ ._-_
.167c8 ._8_55 _._c . _8o6_

• _957 ,5_352 i8.15 . ]_m_]
.6_9_ .'_3%9 16.1] . _'t79]
.861oi .91_19 1_._ ._

io.)_ .i7_

6.5_ .i3Bo_
-7.o_ .o15c_

-_-31 -. oi98_

-_.__-.o_

el e = _o

Cp Cp C_ meas

L£8_ ii._6 { -.o3_5_ -.oi9z?

L._)IO ll._Oe_ [ -.0_065 -.06559

L.08_2 1.067"I ..121_ - -i0357
.9b_27 .928_7 - o1_239 -.i0_62

• T/_ _ • 76199 .. lO21h -. 0_70
.6937i .6_357 -.IiO_5 -.o92_8
._67_2 ._29t .o66_ ._c99

.03599 .035_2 .67087 .67609
) 0 I 10030 1.0000

I

t_66 1_69 1 _o_:m_t1:_1_I -1o_ --'°_
_.z_o 11.3_o I -.o_8 -.OnT_
1,135_ 1.1670 I -.05021 -,0790_

[,0333 1.0619 -.06_ - .0961_
•9_939 .96_87 -.077_ -. 1O677

.815o1[ .837_] -.oe_ -.n_8

.6889_ .7o_ -.o7o91 -.io¢5o

._1_61 .5%_] -.o2637 -.o_7

• i3512 .i_866 ]
.ooi8o . ooi87 .9_9_3 .9(_3

I
l.i_J_ i._6_i I .ooo_5 -.o6787
Lo�_ i.iT_ I -.o_69 -.o8o_o

i ozzi i.omi -.oo867 [_o_

.T/9_I .8_-_8[ -.00776 -.o765o

._781 .7_t62[ -.oo_3 -.o7a_5

._mT_ .63%_8 .oio98 -.o_6o9

-_757_ ._8o9[ .o_6oo -.o1891

.o_752
.o_935 .c5_6i ._793 -59_7

I1.0_ I .._a,
.889i7 .9_8i_ -.ooo2o -.o55_9

.8o_l .85537[ -.o_8 -.ogio_
•67_i .711_7l -.oo_55 -.o6oio

._u9 .__[ .o_ -:_
•3i7)3 .3_ .21T/7 .o7o37

.m._] ._[ ._5c5 .i9_
• i_9o71 .i57_7|

oo ,{
-13.- -. 21071

-.00_0 f.5i6_7 ,Sn.i]| -.oi978

._768o ._19881 .io5i3 .u_59
•19591 •z93921 .e259o ! ._179

.o651_1 .o6_31 .56817 , .,7,o

Oie = 66°
. _r

(_) _ , .... (__)

L7617 !1.76i5 [i.7_9i I o.ooozi o.oo727

-. oo399: 1_,_5m_,_i-:_ ] -oi_
I._511 II•N_2 ] --0_9
i Z_6) ii.i�Z I i -.0m08

.9ii05 ._0_6_ -.0390_ [ -.(m067

.7_432 .T_Oll -.O_K>_9 ' -,0_0_7

• 593_ ._9151 -.01_87 -.o1296
•21787 . 216_I ] .216%6 .22_07

0 I0 I. 0000 1.0000

1.6302 11.5885 I .00012 .01969

1.5_7 ]1-51_5 ] -.00_I ,015_0

i._9_8 1i._63% I -.o16_6 .c_6i
i.z/85 ]i._53_ I -.o_°96 ..oo_8o

• 1.50_6 1.0736 11.05_ I -.037_ -.019_1

_i.Z�I ._e38 .96736 .q_,_'_l -.0_18 -.006_0i

[ )e,76 .57952 ._i_i .569_ -.oo576 I .o_ii

15.37 .i_ooo .i1878 .ii6_9: .593_ ._,:_:66

! _.9_] .09201 .016_ 5 .01615 .8212_ .8_
-5.oo .0_9

lO 5_,6_ 1._oo 1._390 i._1_9 .o_o1_ .oi_2

_i._9 1.558i i.5593 i.3339 -.ooo88 .oiTs_

• _o.oi i._)_ i._ Ii._r88 -.OOTU .oi_
' _.351i.o8_6 z.o_ Ii,o6_8 -.ooi_8 .oi7_5

39.3% .56933 ..... .8_9 -.oi_ .oo_

[ .59158 .559_ ._8_7 .o55oi o7e70

• .h5756 ,_196c_ ._II_9 .0_ ,10069
8.37l .13919 ,0_*_30 .0_616 ._r_3 .66837

i.io_5 i.i839 li.i_8 -.oi666 ,oi6_6

i.io_8 i,i_3 Ii.o897 -,oi8_ .oi_06
.91_6 .9o_ .8751o .oi3%7 o_o

•81018 ._019_[ .7_8 .01065 .0_271
.632_2 .6_7c5 .58967 ,o_o1_ .o7o76

,o913-9 .o_761 .°°8°'_ .9i_9o ] .91_o5
•o_6_3

.- -. Ol)99

201 &3,_ ._48°3 1,0376 -.60116

• _1-_9 i.oi_8 1.oi_ ._6L_ .ooo3o .o5889
_O.Ol .9_79 .y59o6 .9oo_9 -.om68 o/_69
_.53 .7_7o7 .7"_78.0_89 -.oio6o .o_Toi

_i.6_ .65761 .635_1 .599_0 .oo_5 ,o_3%
_9.o_ .5555o .51_ -5i3_ -o_o_9 .o759o

26-29 ._65 :,5_9_ ._7"28 .o67_7 .n998
_.1_ ._2_7 .zi32h ._57"0 .eo168 .3%682

_.33 .17866 .o_ .o8_09 .5oo73 .5e933
-i.65 .o5_o5

-io.o_ .o_e6
'-30.00 -.02_II

-.02110

• i_88

•i_7%7

•alC87 • 57373

•791_ 77880

.58993 _ -._51o5 _6]h9 .58573 .770_0 -.315_8

• 33_9_ • 337_3 .12'276 . L1333 3_-37 - 6_:,51 -_875i .6_7 .O3109

.2303_ 26.63 .h8897 ._n�_ ._3Y3U .iC_83
[]i_5 _i_7oi ._559 .3_857 2i._9 .35_o .z_oic .287_

] .o881_] .c_l_ I ._93_ ._87_2 15.z_ .2Y_7 .139: .i_8_.

a'cSae foot_1o%es _£ end of %able.
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TABLE II.- _ AND THEOEErlCAL VALUES OF pRESSURE CO_ICIENTS FOR

TWO-DIMENSIONAL AERODYNAMICALLY R_ BODIES - Concluded

(d) Circular arc bodies - upper Burfaee - Concluded

0Z e = 78o 8_ e = 900

dog de E Cp, mess Cp

0 7_.ii 1.8010 1.8012

72.89 I. 7651 i. 7613

70.46 1.7181 1.7128

67. i0 I. 6_ i. 6363
6O.56 i._718 1.4627

57-n i, 36O_ i.3599

49.76 i. 1135 i. 1238
43-16 .92354 .90250

3%08 ,72o57 .70109

3i._7 .55906 -5e5_

9.82 .i9683 .o56o7
o •o53_9 o

9 7D. 1i i.7V77 i. 7279
67._ i.6757 i.6769

_s.Lm i.6i27 i.5908

b2.1o , 1.9330 1.526o
5%.5b 1.3392 1.3292

52.11 I 1.2091 1.2171
_.76 -959_3 .96898

_J. i6 .76_74 .7_611

_2.o_ .58303 .55i22

_._7 .4ho88 ._809

_.o_ , .i0_67 .01377
-_._J , .02_94

io 65.11 I 1.6038 1.60_0
62.89 I 1.5h32 1._1

60.46 I 1.4740 i-_799

57.io i i._6_8 i.3%o
50.56 1 i.18_ 1.1627

,_,',q I .935_o .91787

$6._7 I .7o986 .685_

55.i6 1 .62237 ._333
27.o_ I .46_o6 .ao_oi

21._7 1 .3&099 .26103

..... .06155
-i0.00 1 003_

i5 _o.il _ i._596 i._597
57._ 1 1.3997 1.3930

55._ I 1.3_85 i.3178

5e.lO 1 1.2517 1.2091

_2.ii I .91903 .87337

_._ _ .79e9_ .%?01
_i.'_7 1 .97758 .5e610

_.16 1 .50350 .43e68

16._7 I .29361 .i56o3
-5.i_ i .o_51

-15.oo I -.01018

_) 55.ii I I.2715 I. 2717
52._9 I 1.2e_ i._017

50._6 1 1-1919 1.12_I
_7.10 1 1.0859 1.01_I

.0.5_ _ .88588 .79926

Y_.ii I .76A01 .66_16
_._ _ .6_5_6 .57o65

29.76 I .53_/_ ._6_0

_.i6 I ._3_ .[92_8

_._v , .17651 .07%69

-lO.1_ _ .01_51
-_o.o0 I -.o191_

25 I 50.11 I 1.0i98 1.020O

_7._ t .99127 .95316

45._ _ .9_o7 .88o_3
42.io i .8668o .T786O

W.91 _ .79212 .68398

35.5O I .69i9_ .986O6
3Z.U I .9869O ._63

L_.Sa I ._8732 .39020

21._7 I .32Z17 .2299_

a7 _ •I187[ .0E197

c;. mess - c_ cg, me_ - c_

1.7758 ' -0. 00011 0.01399
i. 7369 ,00215 .016_0

i. 6887 .003o8 .01711

i.6133 [ .00758 .o2i53
i. _i .co6i8 .o_oi8

1.3ko8 .0_937 .01_I
i.lo8O -.oo9_5 .o_._

.8898o I .o_zr8 .o365_

.69i_ I . o_To3 .o_o7o

.5i8o_ I . o6oi4 .o7_6

.o55_6 .6_8 ._7_

o 1.0ooo i.o0oo

i.68i_ -.ooo12 ,o2691
i.63i8 -,oo?i6 .oe6eo

1.9733 • 013_ .02_43

i. )4_ 9 .00_57 .03138
i, _93i .0oh49 •o3153
i.is_i -.oo662 .o2o68

-94265 - •00995 .017490
.72_o .om_6 .o5o92

.9_9 .o5456 .o8oi7

.3777_ .11974 .i_3ei

.0i3_2 .86_h .87i79

i.5o6_ -.ooo58 .o2389
i._391 - .o0102 .02368

i. 3_o2 .Olh 91 .o3915

I. 1339 • 0191_8 •o_377
•8955_ . oi86_ . o_292

.66896 .o_9i7 .o_eS_

•56883 . o6_q3 . o86o3

.39_oo .ie�_o .i5o97
•_5_70 .2_kk9 . _ 306

l._S�o -;0o0o7 .o2o96

i._o_i .oo_79 .o_5_3
i.e�oo ._3 .oee9a

i.i837 .o_o3 .o5_33

.9692o .o52o6 .o7_o9

•89_9 .o_968 .o6979
•73i_8 .05792 •07736

.91919 .0_913 .10802

._23_6 .i_o3i .i5863

• 19_2 .38476 .397%2

i._92 -.oooi6 -.oo6o6

i. C_�i .oiT/_ .oi169
I.i5o7 .o238o .o18o6

i. O2Ol . _1_ . _9
.Bo97 .o9778 .o9_7

.69zio .ie5_6 .o9_12

• 57_8 .ii563 .nooo
•_3 .i_/8 ._7

. Lx_.09 .2_692 .2_78

• c_8 • 57685 • 5%07

i.I193 - .o0o2o -.o9757

=_ 5, I Cp, mea s

deg deg ]

...... + -.-

o B7._5 I i.8i6_

85.i3 I i.8io3
8_.o7 1 i.?86_

?8.73 I i.75io
71. o5 i. 6173
6i.88 I i.40o6

57.39 i. 2767

53.40 i. 19h6
43.82 1 .8676_

36.o2 I .6_i76

.,91 ._6

5 82.k5 i. TTS_

8o.13 i.752o
77.07 i.TiS_

73.73 i.66_

66.o5 i._9_8
6o.96 i._632

52.39 , 1.1219
_3-5i 858o2
38.82 .7_6O3

31.o2 .51311

9.27 .13712

-9 -oo .o_99

io 77.45 i, 7143

75-13 i. 6756
72.07 i. 6166

68.73 i.59_6

6i. o5 i. 3555

55,96 i. 2i9_
47.39 .97286

h3._O .8_7

38.51 .7ni9

33.82 -579%
e6.02 ._'_893

-IO.OD .00_31

15 72.45 i.6_i

7o.i3 1.5839
67.07 1,5139

63.73 i.44_0

56.c5 1.2297

50.96

_6.88
38._o

33.51 I

_.82 1

21*02 1
-19.00

20 67._5

65. i3

62.o7

58.75
9i.o9 1

4i.88 1
37-39 1

33.ko
28.31

16.02

-5.75
-20.0o

25 62.k9

I

i.8i6a I i.8i_o o / o.0oi32 I

1.8069 ] i.Sca5 .oo188 I .oo32o I
1"7853 / i.783o .ooo62 | .(_190 I

i.75o_ [ i.7_B_ .ooo29 l .oo16o I

i.6aSi [ i.6299 -.(m668 I -.0O532 I

1._z_ / z._,z9 -.OlC_ / -.oo_o
1.2912 [ i._897 -.oiI_5 | -.010O3
i.i7_o [ i.i7i5 -.oi59a l -.oi_6_

.87242 | ,87i38 -.o0591 I -.oo_18

.6_93i [ .6_b8 .oi9_o / .oz_Ti

.iio53 [ .liOk3 .1_2/9_ I ._2273

o I o I.OOOO I i.oooo
i.78oo i.7863 -.ooioi -.oio_i

1.7981 [ 1.76_2 -'003 i_B I -.00696

i.7_o5 [ i.7_o6 -.oo297 [ -.oo652
i.669i [ i.6%9 -.oo_o3 I -.0o752

i.5L_8 [ i.5i8i -.oi_o_ / -.oi559
i.38_6 [ i.Y_9_ -.o157o | -.0i922

i.iyo_ [ i,lkO6 -.oie92 I -.oi667

.8_875 I .86i57 -.ooo85 I -.oo_i_

.71167 I ,Tik3B .oo6o9 I .o02_h

•_3 I ._o8_ ._2 I ._7

•o_696I .o_7i7 65_31 69672
i.7i_3 [ i.73i8 0 I -.oio2i

i.68oB [ i.6979 -.oo3io | -.oi33i

i.6_B? I i.6_93 -,OOTh8 I -.oi775
i.5626 I 1.57_ -.oo5i5 | -.oi53i

i.3777 [ i.39i7 -.o16_ | -.0e671

i.2357 | 1.2_81 -.o1353 | -.oe379
,97k39 ' ._33 -.00197 I -.01_00

-.0o586 I -.oi6i3

.oi887 I .oo9i5

.o_m I .o_7_
•13143 I .i_232

0 I -. 01120

-.00379 I -.01_96
-.0O707 I -,018}6

-.OOlO_ I -,oi_

-._ I -,o17o8

•oo3o3 I -,oo799
.ou58 I .ooo7o

• o_3 I .o1896
.o62_6 I .cD_72

•iii39 I .10128

._532o I .L_h6?

o I -.Oleo

-.o0572 I -.o1757
-.0o5_ I -.oi_

• 00372 I -.oo9_

• oo267 I -.oio_9
.oz<_3 I .OOS_

•03983 .o_7o6 ,
.o6oo1 .o_777

.ii56o I .io_6 I

.39o49 I . $OZ_ I

._2 ._8o9

69777 ,7o_68

•57726 .96_8
•_615 - _9?8

1.6_1 [ 1.69_4

i.5899 i.6o76
1.5246 1.5417
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Newion_sm theorx with the maximum pressure coefficient at its actual location on each surface,
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.__:L_.0o [ -.om'_9

aC_puted by using genera/Ized
sln_

bcusputed by using gener_lize_

CComputed by usl_B generalized

Cp - Cp,max(e_.oo) sin_61e(c_O° ).

New%onion theory with the lower-surface maximum pressure coefficient at its geometrlc loe_tion,

Newtonia_ theory with both the maxt_m pressure coefficient and leading-edge angle at _,

23



(a) Parabolic arc models.

(b) Circular arc models.

(c) Wedge models.
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@nre 1.- Photograph of two-dimensional aerodynamically blunt bodies.
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(a) Lower surface.

Figure 13.- Comparison of pressure distributions on wedges with constant deflection angles,

symbols are for flat-plate data at approximately the same deflection angles (ref. 2).
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Figure 13.- Continued.
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Figure 14.- Correlation of pressure distributions with generalized Newtonian theory for two-
dimensional parabolic arc models.
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Figure i_.- Correlation of pressure distributions wlth generalized Newtonian theory for two-

dimensional circular arc models.
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